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THE   DEVELOPMENT  OF   HYDRAULIC   SCIENCE. 


Theory  of  Hjdraolioi. — The  commencement  of  the  study  of  the 
laws  which  govern  the  flow  of  water,  and  of  its  effect  in  eroding 
the  banks  of  the  channel  through  which  it  passes,  and  in  trans- 
porting or  depositing  the  material  eroded,  may  be  said  to  date 
from  the  middle  of  the  sixteenth  century,  when  Galileo  applied 
his  discovery  of  the  laws  of  falling  bodies  to  the  movement  of 
water,  and  traced  the  connection  between  the  universal  law  of 
gravitation  and  the  tides  of  the  ocean.  About  the  same  time 
Toricelli  showed  the  analogy  between  the  discharge  of  water 
from  orifices  in  vessels  and  its  velocity  in  open  channels,  and 
proved  that  this  was  duo  to  the  acceleration  caused  by  the  slope 
of  the  surface  of  the  water. 

Bartolotti,  an  Italian  engineer,  having  projected  a  plan  for 
improving  the  river  Biscozio,  Galileo  wrote  a  treatise  exposing 
the  errors  of  Uiis  scheme,  based  on  the  above  principle,  that  the 
motion  of  water  is  regulated  by  the  inclination  of  the  surface, 
and  not  by  that  of  the  bed  of  the  stream. 

In  ICOl,  the  Abbot  Castelli  devoted  his  attention  to  the 
movement  of  water  in  open  channels,  and  to  the  effect  of  tidal 
action  on  the  discharge  of  rivers  at  their  outfalLs.  The  result  of 
his  observations  was  published  in  a  treatise  entitled  "The 
Hensuration  of  Running  Water."  An  English  translation  of 
this  treatise  was  made  by  T.  Salusbury,  and  published  in 
London  in  ItiCl.  Castelli  laid  down  the  following  laws  as  the 
reault  of  his  researches: — 

That  the  velocity  of  the  water  in  a  river  is  derived  from 
the  pressiire  of  the  upper  water.  That  in  a  river  reduced  to 
a  state  of  permanence  the  ({uantity  of  water  which  passes 
through  all  its  sections  in  equal  spaces  of  time  will  be  equaL 
That  the  medium  velocities  in  the  different  sections  will  be 
Teeiprocally  praportional  to  the  ampUtude  of  the  sections.    That 
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if  a  river  flowing  in  a  rectangular  channel  with  a  certain 
velocity  be  increased  by  a  flood  to  double  its  height,  the  velocity 
of  the  water  will  become  double.  On  this  ground  he  condemned 
attempts  to  mitigate  floods  by  diverting  the  water  of  the  rivers 
into  new  channels. 

Castelli  also  investigated  the  cause  of  the  formation  of  bars 
at  the  mouth  of  rivers  entering  the  sea.  The  range  of  tide 
being  very  small  in  the  sea  which  came  under  his  observation, 
his  experience  was  limited.  The  opinion  which  he  deduced  from 
watching  the  outfaUs  of  the  rivers  into  the  Mediterranean  was 
that  the  sea,  disturbed  by  the  winds,  raised  the  sands  at  the 
bottom,  and  these  were  carried  by  the  flood-tide  into  the  mouth 
of  the  river;  that  the  detrital  matter  brought  down  by  the 
river  and  the  sand  driven  back  into  the  sea  by  the  ebb,  being 
discharged  at  a  point  where  the  sea  and  river  met  with  equal 
force,  settled  and  formed  a  bar. 

Towards  the  end  of  the  seventeenth  century,  considerable 
damage  was  constantly  happening  from  the  incompetence  of  the 
rivers  of  Italy  to  discharge  the  water  brought  down  in  floods. 
The  governments  of  Bome  and  Florence  appointed  several  com- 
missions of  engineers  and  mathematicians  to  consider  the 
general  laws  of  hydraulics,  and  how  these  could  be  best  applied 
to  the  regulation  of  the  rivers  and  the  prevention  of  floods.  At 
one  of  these  commissions,  appointed  by  Pope  Innocent  XIL 
in  1693,  to  investigate  the  condition  of  the  rivers  passing 
through  Bologna,  Ferrara,  and  Romagna,  Bologna  was  repre- 
sented by  an  engineer  named  Guglielmini.  As  a  commissioner 
he  spent  a  great  deal  of  time  in  investigating  the  conditions  of 
the  rivers  and  the  manner  in  which  the  water  was  discharged. 
The  result  of  these  investigations  was  published  in  1697,  in  a 
book  entitled  "Natura  de  Fiumi."  Several  chapters  of  this 
book  are  devoted  to  the  flow  of  water  in  rivers,  and  its  motion 
down  inclined  planes.  He  shows  that  an  equilibrium  becomes 
established  between  the  force  of  the  currents  and  the  resistance 
from  the  friction  on  the  bed  and  sides  of  the  channel  That 
motion  is  due  to  surface  inclination,  the  upper  layers  of  the 
water  pressing  on  the  lower  layers,  and  that  movement  depends 
on  the  pressure,  which  acts  more  and  more  as  a  cause  of  move- 
ment as  the  stream  deepens.  That  the  slope  of  the  bed  of  a 
river  will  diminish  as  the  volume  of  water  increases.  That  as 
rivers  recede  from  their  sources  the  inclination  of  the  bed  will 
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diminish,  and  the  size  of  the  material  transported  will  also 
diminish  in  a  corresponding  ratio.  Tliat  where  two  streams, 
equally  turbid,  imited  in  one  common  channel,  the  velocity 
being  as  great  or  greater  than  before,  the  material  would  still  bo 
kept  in  suspension,  and  the  coiumon  bed  would  be  eroded  and 
maintained,  although  its  inclination  be  less  than  that  of  the  tribu- 
taries. That  a  stream,  if  not  guided  by  artificial  means,  will 
assume  a  scries  of  curves.  That  where  erosion  once  commences 
in  a  channel,  in  a  pai't  where  the  earth  has  less  tenacity  than 
in  other  parts,  the  points  and  angles  of  the  part  eroded  will  bo 
washed  away  and  a  concave  sui-face  formed ;  the  deflection  of 
the  stream  caused  by  this  will  strike  against  the  opposite  side 
of  the  channel,  causing  an  erosion  on  its  banks,  and  then  a 
series  of  curves  will  go  on  forming  until  the  resistance  becomes 
equal  to  the  ibrce  and  an  equilibrium  is  established.  That,  other 
circumstauces  beiug  equal,  the  larger  the  rivers  the  more  con- 
uderable  will  be  the  ciicuit  of  their  windings.  That  bends  are 
first  caused  by  irregularities  in  the  coiuposition  of  the  soil  of 
which  the  channel  is  composed,  or  by  obstructions  which  the 
water  encounters  in  its  flow.  That  if  two  rivers  similar  in 
section  and  velocity  enter  the  sea  separately,  the  sum  of  their 
sections  will  be  greater  than  the  section  of  the  two  streams 
united  in  one  channel.  That  the  How  and  reflow  of  tho  tidal 
water  help  to  maintain  the  mouths  of  the  rivers  free  from 
deposit  That  the  foi-m  of  the  month  of  a  river  entering  the 
sea  will  depend  upon  the  difference  of  velocity  between  the 
river  and  the  tide-cuiTents.  That  the  material  brought  down 
by  rivers  will  settle  aloug  the  eddy  part  of  the  shore  and  form 
sandbanks,  which  will  go  on  fjradually  increasing  and  oppose 
the  outflowing  water  from  the  river  according  to  the  direction 
of  the  tidal  cuiTent. 

Applying  these  laws  to  the  rivers  of  Italy,  he  advocated  that 
it  was  better  to  unite  all  the  streams  of  a  district  into  one  main 
trunk  rather  than  to  allow  them  to  run  off  in  several  smaller 
channels.  He  advised  great  caution  in  carrying  out  works  foi 
shortening  the  rivers  conveying  gravel  and  other  material  by 
cutting  off  bends,  and  that  before  making  such  cuts  a  perfect 
knowledge  of  the  soil  through  which  the  river  passed  should 
be  obtained,  and  also  of  the  conditions  under  which  the  exist- 
ing equilibrium  had  been  attained. 

Notwithstanding  the  advice  given  by  these  commissions  and 
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works  carried  out  on  their  reconnuendations,  the  Fo  and  the 
Reno,  being  obstructed  by  the  material  brought  down  from  the 
higher  country,  continued  to  break  their  banks  and  to  flood 
the  plains  of  Bologna.  In  1760,  Paul  Frisi,  a  professor  of 
mathematics  at  the  University  of  Turin,  distinguished  himself 
in  the  controversy  then  going  on  as  to  the  best  means  of  regu- 
lating those  rivers.  In  1762  he  published  a  treatise  on  rivera 
and  torrents,  which  also  has  been  translated  into  English.  Frid, 
in  the  first  part  of  his  book,  treats  very  fully  on  the  cause  and 
origin  ofrivers,and  the  difi'erent  effects  produced  by  water  carrying 
gravel  and  sand.  He  analyzes  the  theories  of  previous  writers, 
and  treats  of  the  slopes  and  velocities  of  single  and  combined 
streams.  He  suggests  that  the  slope  of  the  bottom  of  a  channd 
contributes  principally  to  the  accelemtion  of  the  stream  in  the 
primary  beds  in  the  bosom  of  the  mountains  where  the  height 
of  the  body  of  the  water  is  very  small,  and  where  the  fall  is 
very  rapid.  Ho  dealt  with  a  proposition  which  had  been  put 
forward  about  this  time  by  Gennet^,  that  a  river  may  absorb  the 
whole  of  the  water  of  another  river  of  as  great  magnitude  w 
itself  without  producing  any  sensible  elevation  in  its  surface — 
an  opinion  which  he  attempted  to  support  by  numerous  experi- 
ments and  by  pointing  to  the  Rhine,  which  received  the  Mainz, 
whose  flow  of  water  was  nearly  as  great  as  its  own,  without  it 
being  possible  to  observe  any  perceptible  difference  in  the 
dimensions  of  the  bed ;  also  to  the  Moselle,  which  is  absorbed 
with  the  same  effect ;  and  in  the  converse  case,  where  the  Rhine. 
divides  on  entering  Holland  without  its  surface  being  apparently 
lowered.  Remarking  on  the  experiments  which  had  been  mada 
by  Gennete  on  an  artificial  watercourse,  be  says  that,  although 
such  models  may  not  serve  as  a  guide  for  the  regulation  of  greit 
rivers,  they  may  yet  be  sufficient  to  show  that  nature  on  s 
small  scale,  as  also  on  the  greater  found  in  rivers,  always  acts 
by  the  same  laws.  That  it  appeared  to  him,  both  from  ths 
result  of  these  experiments  and  also  from  his  own  observationa., 
of  the  rivers  of  Italy,  "  that  there  frequently  is  not  any  sensil 
increase  in  height  even  when  there  is  a  considerable  angmeni 
tion  in  the  quantity  of  water;  and  therefore  that  the  velocil 
of  the  water  increases  sensibly  in  the  same  ratio  as  tlie  quantity, 
and  that  the  velocities  of  united  rivers  increase  nearly  in  pro- 
portion to  their  volumes.  He  compares  the  propositions  laid 
down  by  Gugliehnini  as  to  the  effect  of  the  transporting  and 
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eroding  power  of  water  in  rivers  witli  hia  own  obaervation  and 
experiences,  and  asserts  that  the  bottom  of  a  main  stream  will 
be  equally  established  above  and  below  ita  Junction  with  a 
tribntary  if  the  sines  of  the  slopes  aro  reciprocally  in  proportion 
to  the  (juantities  of  water. 

He  also  deals  with  the  effect  of  the  tides  in  keeping  open 
the  mouths  of  rivers.  He  considered  that  although  the  rise 
and  fall  of  the  tides  in  the  MediteiTancan  were  very  small,  yet 
tbey  had  a  material  effect  in  keeping  open  the  outfalls.  Ho 
points  ont  that  the  bed  of  the  river  Po  wa-s  seven  feet  lower  at 
fourteen  miles  up  its  course  than  at  its  entrance  into  the 
Uediterranean ;  and  the  Primaro  and  other  rivers  had  hke 
conca'^'ities  in  their  beds,  which  maintained  themselves  open 
notwithstanding  the  large  amount  of  sediment  hrouglit  down 
in  floods.  He  quotes  the  following  reduction  of  the  ideas  of 
Gnglielmini  to  the  propositions  made  by  G.  Manfredi,  to  the 
effect  that  the  constajit  submersion  of  the  whole  bottom  below 
the  level  of  the  lowest  ebb  maintains  the  matter  always  in  a 
det&ched  condition  and  keeps  it  saturated  with  water ;  that  the 
current  of  the  flood-tide  keeps  the  particles  of  sand  and  earthy 
matter  raised  from  the  bottom  ;  that  this  current,  setting  against 
the  stream  of  the  river,  raises  its  surface  two  or  three  feet 
more  than  the  ebb  re<iuires,  and  then  the  ebb  current,  being 
stronger  than  that  of  the  flood,  contributes  to  increase  the 
agitation  of  the  water,  and  keeps  the  particles  of  sand  incor- 
porated with  them,  and  so  prevents  them  settling  and  raising 
the  bed.  In  treating  of  the  means  necessary  to  prevent  the 
erosion  of  the  banks  of  rivera,  he  advises  that,  when  groynes 
are  used  to  prevent  erosion,  they  should  extend  out  from  the 
bank  of  the  river  in  a  direction  so  as  to  make  with  the  bank 
half  a  right  angle.  He  argues  in  support  of  this  by  showing 
that,  if  the  direction  of  the  water  is  parallel  to  the  banks,  by 
resolving  its  velocity  into  two  others,  the  one  at  right  angles 
and  the  other  parallel  to  the  spur,  the  latter  velocity  will  be 
proportional  to  the  cosine  of  the  angle  which  the  spur  forms 
with  the  bank.  Then,  further,  as  the  quantity  of  water  that 
impinges  against  the  spur  is  proportional  to  the  perpendicular 
drawn  from  the  outer  extremity  of  the  work  to  the  bank  or  to 
the  sine  of  the  same  angle  of  inclination,  the  quantity  of  motion 
with  which  the  stream  will  flow  in  a  direction  parallel  with 
(be  apQT  towards  the  opposite  bauk  will  he  as  the  product  of 


6  TIDAL   RIVERS. 

the  sine  into  the  cosine  of  the  angle  which  the  groyne  makes 
with  the  bank,  and  since  this  product  is  a  maximum  when  the 
angle  is  half  a  right  angle,  it  follows  that  the  most  advantageous 
position  which  can  be  given  to  the  groyne  is  that  in  which  it 
forms  with  the  bank  an  angle  of  forty-five  degrees.  He  goes 
on  to  point  out  that  it  is  not  possible  to  prevent  the  water  from 
scouring  deep  holes  in  the  vicinity  of  groynes,  and  therefore 
advises,  as  a  more  reliable  course,  that  works  of  protection  should 
run  parallel  with  the  banks,  and  the  resistance  be  thus  uni- 
formly distributed. 

In  1765,  Paul  Lecchi,  a  Milanese  engineer  extensively  en- 
gaged on  canal  work,  published  a  book  containing  a  complete 
examination  of  all  the  different  theories  relating  to  effluent 
water,  and  endeavoured  to  show  how  such  laws  applied  to  water 
in  rivers  and  canals. 

A  few  years  later,  the  Abb^  Bossuet  undertook  a  series  of 
experiments  for  the  French   Government,  and  published  the 
result  in  a  treatise  on  the  general  principles  of  hydraulics  and 
the  effect  of  friction  in  retarding  the  flow. 

In  1779,  Dubuat,  following  up  the  researches  made  by  his  pre- 
decessors, commenced  an  examination  into  the  laws  governing 
water  when  running  in  open  channels  made  in  clay,  sand,  and 
gravel,  and  also  into  the  varying  effects  of  piers,  sluices,  and  other 
obstructions.   From  these  experiments,  conducted  at  the  expense 
of  the  French  Government,  after  the  labour  of  ten  years,  he 
obtained  a  sufficient  knowledge  of  the  velocity  of  the  different 
parts  of  a  uniform  current,  and  of  the  relation  of  the  velocity  at 
the  surface  and  at  the  bottom  and  sides,  and  the  resistance  from 
different  kinds  of  soil,  to  enable  him  to  reduce  these  to  algebraic 
form.     In  1786  he  published  his  "Principles  d'Hydrauliques," 
in  which  he  gave  the  theories  and  the  result  of  his  experiments. 
Dubuat  contended  that,  as  the  motion  of  water  was  due  to 
the  action  of  gravity,  and  being  in  a  perfect  state  of  fluidity,  if 
it  ran  in  a  bed  from  which  it  experienced  no  resistance,  its 
motion  would  be  constantly  accelerated  like  the  motion  of  a 
body  descending  an  inclined  plane.     As,  however,  the  velocity 
of  water  in  a  running  stream  is  not  accelerated  indefinitely,  but 
arrives  at  a  state  of  uniformity,  there  must  exist  some  obstacle 
which  checks  the  accelerating  force.     This  obstacle  he  traced  to 
the  resistance  experienced  by  the  particles  of  water  coming  in 
contact  with  the  bed  and  sides  of  the  channel,  or  to  the  viscidity 
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of  the  water,  from  which  he  deduced  the  following  law ;  That 
when  water  runs  uniformly  in  a  channel,  the  accelerating  force 
is  equal  to  the  sum  of  all  the  resistances  which  it  experiences ; 
gravity  heiny  the  accelerating  force,  and  the  resistance  of  the 
aides  and  bottom  of  the  channel  the  modifier.  To  obtain  the 
relation  between  the  rubbing  surface  and  the  water,  he  reduced 
every  section  of  the  various-shaped  channels  on  which  he  ex- 
perimented to  a  rectangular  parallelogram  of  the  same  area,  and 
having  its  base  equal  to  the  border  unfolded  in  a  straight  line. 
The  product  of  this  base  by  the  height  of  the  rectangle  being 
e(|ual  to  the  area  of  the  section,  this  height  or  depth  was  a  re- 
presentative of  the  variable  ratio  of  the  section  and  of  the  border, 
and  was  termed,  "  The  hydraulic  vieaii  depth."  He  further 
showeil  that,  as  the  velocity  of  the  water  in  an  open  channel  is 
proportional  to  the  square  root  of  the  mean  radius  of  the  bed, 
therefore  a  trapezium  in  which  the  breadth  at  the  bottom  is 
two-thirds  of  the  depth  of  the  water,  and  where  the  slopo  of 
the  aides  is  four-thirda  of  the  depth,  would  give  the  least  resist- 
ance. 

Chezj-.  an  engineer  of  the  Fonts  et  Chauss^s  in  France,  fol- 
lowing on  the  lines  of  Dubuat,  determined  the  relations  existing 
between  the  inclination,  length,  transverse  section,  and  velocity 
of  water  flowing  in  open  channels. 

Having  determined  that  the  resistance  which  water  en- 
coanters  in  moving  in  an  open  channel  is  proportional  to  the 
wetted  perimeter,  and  to  the  square  of  the  velocity  plus  a 
fraction  of  the  velocity,  and  is  in  inverse  ratio  to  the  section, 
he  deduced  the  following  formula : — 

V  =  VR  X  S  X  C 
in  which  V  =  the  mean  velocity. 

R  =  the  hydraulic  mean  depth  or  radius, 

RS  =  the  sine  of  the  slope  or  the  fall  divided  by  the 
length. 
C  =  a  constant  determined  by  experiment. 
e  value  given  by  Chezy  to  the  con.stant  C  is  not  known. 
Although  a  great  many  attempts  have  been  made  to  determine 
this  value,  and  also  to  devise  a  formula  which  will  adapt  itself 
more  readily  to  the  varying  conditions  under  which  water  flows 
is  open  channels,  as  a  matter  of  fact  the  relations  between 
Iba   accelerating   and   retarding   forces  as   algebraically  settled 
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by  Chezy  are  nniversally  acknowledged  np  to  the  present  time 
as  soond,  and  as  aifording  a  practical  method  of  obtaining  the 
velocity  of  ninning  water. 

In  1779,  the  Abbe  Mann  contributed  a  treatise  on  riyers  and 
canals  to  the  Philosophical  Transctctums  of  the  Boyal  Society  of 
London,  in  which  he  made  known  to  this  country  the  works 
of  the  Italians,  and  recapitulated  many  of  the  principles  laid 
down  by  Guglielmini  relative  to  the  acceleration  and  retardation 
of  water  dowing  in  rivers^ 

At  the  beginning  of  the  present  century,  M.  Girard,  engineer 
of  the  Canal  TOurcq,  and  M.  Prony  conducted  a  large  number  of 
experiments,  and  published  several  papers  on  the  theory  of 
running  waters.  The  former  especially  investigated  the  retarda- 
tion of  the  velocity  due  to  obstruction  from  weeds  and  other 
similar  causes.  To  meet  cases  of  this  kind,  he  proposed  to 
amend  the  formula  of  Chezy  by  multiplying  the  perimeter  of 
the  channel  by  1*7. 

In  1798,  Venturi  of  Modena  published  a  treatise  on  the 
lateral  movement  of  fluids^  In  this  treatise  he  examined  the 
causes  of  eddies  in  rivers^  He  showed  that  every  eddy  destroys 
part  of  the  moving  force  of  the  current,  and  that  the  retardation 
of  the  accelerating  motion  is  due  not  only  to  friction  over  the 
bed  of  the  stream,  but  also  to  eddies  produced  from  the  irr^u- 
larities  of  the  surfiice  and  in  the  direction  of  the  channel,  a 
part  of  the  current  being  employevl  in  restoring  equilibrium  of 
motion. 

In  ISOl,  Eytelwein  published  his  "  Handbuch  der  Mechanik,'' 
in  which,  besides  treating  generally  on  the  dow  of  water,  and 
endeavouring  to  simplify  the  theory  of  the  motion  in  rivers,  he 
reiterates  the  theory  previously  set  up  by  Gennete,  that  a  river 
may  absorb  the  whole  of  the  water  of  another  river  equal  in 
magnitude  to  itself  without  producing  any  sensible  elevation 
in  its  sur&os. 

In  18S0,  II.  Fontaine,  an  engineer  employed  by  the  French 
Govanunent  to  carry  out  works  for  n^ulating  and  restraining 
the  Bhiiift  at  that  part  where  it  passes  through  French  territory, 
in  Older  to  arrive  ai  a  satisfactory  plan,  carried  out  a  series  of 
inwastigitiens  as  to  the  flow  of  ^*ater  under  various  conditions, 
nralt  of  which  he  published  in  a  work,  -  Travaux  de  Rhine." 
o»  lays  down  the  following  principles  as  those  to 
L  in  ngolatiog  and  controlling  a  river,  and  which  he 
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Bd  Lis  guide  in  designing  tlie  works  fui-  the  rectification  of 
ver: — 

liat  all  secondary"  branches  should  I>e  closed,  and  the  waters 
d  into  one  channel.  That  rectilinear  cuts  should  be  avoided, 
ibe  channel  be  conducted  by  a  series  of  curves,  the  deter- 
tk>ii  of  the  radii  of  which  should  be  derived  from  observa- 

on  the  rivers  to  be  dealt  with.  That  the  areas  of  the 
lels  should  correspond  with  the  different  volumes  and 
ities  of  the  water.  He  contended  that  the  advantage  of 
iirvilinear  direction  arises  from  the  fact  that  the  force  of  the 
ifogal  projection  of  the  current  on  the  concave  side  of  the 

can  be  more  easily  counteracted.  The  proper  determina- 
of  the  radii  of  curvature,  he  considered,  depended  on  the 
lation  and  force  of  the  ciirrents.  In  the  case  of  the  Rhine, 
tiled  the  maximum  lengths  of  tlie  radii  at  7250  feet  where 
epth  in  the  curved  part  of  the  river  was  50  feet ;  and  where 
epth  did  not  exceed  36  feet,  4000  feet.  His  observations 
e  velocity  of  the  water  in  the  Rhine  led  him  to  the  con- 
la  that  the  greatest  velocity  is  at  the  surface.  That  the 
ity,  which  at  first  diminishes  insensibly  downwards,  de- 
M  rapidly  towards  the  bottom  in  a  I'atio  dejiendent  on  the 
e  of  the  bed.  He  also  found  that  the  surface  of  the  stream 
i  between  convex,  concave,  and  horizontal,  as  the  river  was 
'  rising,  falling,  or  slack. 

is  velocity  observations  weje  made  by  a  Woltraan  current-    ' 
■,  cheeked  by  floats. 

very  valuable  addition  to  the  development  of  hydraulic 
»  was  made  by  the  articles  written  for  the  "  Encyclopaedia 
innica,"  about  the  beginning  of  the  present  century,  by 
on,  on  "  Tlie  Theory  of  Rivers ; "  by  David  Stevenson,  on 
sib;  "and  by  Thomas  Stevenson,  on  "The  Construction  of 
nira."  Mr.  Robison  also  dealt  with  the  same  subject  by 
tide  in  his  "  Mechanical  Philosophy." 

,  1833,  Mr.  George  Rennie  made  an  interesting  anil  valuable 
',  on  "  The  Progress  and  Present  Knowledge  of  Hydraulics 
tranch  of  Engineering,"  to  the  British  Association  Meeting 
nbridge ;  and  in  1834  a  second  report  on  the  same  subject. 

1833,  a  work  was  published  ("  Recherches  Hydrauliques  ") 
o  French  engineers,  Messieurs  D"Arcy  and  Bazin,  in  whicli 
nded  the  result  of  a  number  of  experiments  made  in 
IaI  channels  constructed  of  different  materials  and  varied 
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in  form,  the  results  being  compared  with  observations  made 
in  rivers  and  canals.  From  the  data  thus  obtained  an  endeavour 
was  made  to  produce  a  coefficient  for  0  in  the  formula  of  Chezy, 
V  =  C VRS.  The  coefficient  so  found  was  made  to  vary  with 
the  values  of  the  hydraulic  mean  radius  (R)  and  with  the  con- 
ditions of  the  section,  these  conditions  being  arranged  in  four 
categories,  the  last  of  which  only  applied  to  sections  in  earth 
and  rivers.  The  determination  of  this  coefficient,  which  is  given 
in  the  Appendix,  although  approaching  nearer  to  general  accuracy 
than  those  previously  in  use,  is  not  applicable  to  lai^e  rivers 
having  low  inclinations.  • 

The  Tide  and  Waves. — The  theory  of  the  tides  is  a  subject 
which  has  hardly  received  the  attention  which  it  deserves.  The 
result  of  the  observations  made  by  Pytheas,  a  Greek  merchant 
and  philosopher,  who  resided  at  Marseilles,  and  had  often  been  to 
Great  Britain  on  visits  to  the  tin-mines,  is  recorded  by  Plutarch 
and  Pliny,  and  this  constitutes  all  that  was  known  on  the  sub- 
ject by  the  ancients.  Pliny  ascribes  the  moon  as  the  source  of 
the  tides,  and  infers,  from  the  gradual  change  of  the  tides  between 
the  new  moon  and  the  quadrature,  that  the  sun  was  not  uncon- 
cerned in  the  operation.  He  also  records  that  the  tides  gradually 
abated  from  the  times  of  new  and  full  moon  to  the  quadratures* 
and  then  increased  again ;  and  also  that  the  greatest  tide  was 
always  some  time  after  the  new  or  full  moon,  and  that  the 
smallest  was  as  long  after  the  quadratures.  He  also  observed 
that  the  retardation  of  the  tides  from  day  to  day  was  greater 
when  the  moon  was  in  quadrature  than  when  new  or  full. 

Very  little  further  progress  appears  to  have  been  made  to 
a  more  accurate  knowledge  of  this  subject  until  the  time  of 
Galileo  in  1624,  when  he  published  a  treatise  on  the  theory 
of  the  tides,  founded  on  his  previous  discovery  of  the  revolu- 
tion of  the  earth.  The  Church,  basing  its  knowledge  of  science 
on  the  wording  of  the  Scriptures,  had  decreed  that  the  world 
was  the  centre  of  the  universe,  and  that  the  sun  and  other 
planets  revolved  round  it.  As  Galileo's  theory  was  at  variance 
with  this,  and  depended  on  the  revolution  of  the  earth,  the  work 
was  suppressed  as  repugnant  to  the  holy  Scriptures. 

In  1740,  D.  Bernoulli  wrote  a  dissertation  on  the  tides,  which 
shared  with  McLaurin  and  Euler  the  prize  given  by  the 
Academy  of  Paris  for  the  best  essay  on  this  subject.  The  more 
accurate  knowledge  of  the  law  of  gravity  as  formulated  by 
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Isaac  Newton  laid  the  foundation  for  the  theory  as  to  the  cause 
3f  the  tides  which  is  adopted  by  astronomers  at  the  present  day. 
rhe  subject  was  further  elucidated  by  papers  contributed  to 
khe  PhUoaophical  Transactions  by  Wallis  and  Flamstead,  and 
by  Whewel  and  Lubbock  in  1833  and  1836,  and  by  the  article 
by  Airey  on  Tides  and  Waves  in  the  "Encyclopaedia  Metro- 
politana,"  and  by  Darwin  in  the  "  Encyclopaedia  Brittannica." 
[Considerable  light  as  to  facts  relating  to  this  subject  was 
obtained  by  a  committee  of  the  British  Association  on  tidal 
observations  between  1868-76;  on  tidal  observations  in  the 
Eumber,  the  Ouse,  and  the  Trent  in  1864!;  in  the  Mersey  in 
1875 ;  in  the  North  Sea  in  1878-86  ;  on  the  Harmonic  Analysis 
of  the  tides  in  1883-5 ;  and  on  Tidal  Models  in  1889-91. 

An  investigation  into  the  theory  of  the  formation  of  waves 
V7as  undertaken  under  the  direction  of  a  committee  of  the 
British  Association  by  Scott  Russell  in  1836.  After  carrying 
3ut  a  great  number  of  experiments  two  reports  were  produced, 
lealing  with  the  great  tidal  wave  of  the  ocean  and  the  waves 
of  oscillation  and  translation.  The  laws  laid  down  in  this 
report  have  ever  since  been  accepted  as  a  correct  definition  of 
the  subject. 

Although  the  general  laws  relating  to  the  tides  were  thus 
made  known  from  early  times,  no  collection  of  observations 
existed  of  sufficient  extent  to  enable  tide  tables  to  be  compiled 
for  use  at  the  difierent  ports  of  the  kingdom,  or  which  would 
afford  information  to  mariners  voyaging  to  foreign  ports.  To 
meet  this  want,  at  the  request  of  the  Academy  of  Paris,  the 
French  Government  insttucted  the  officers  at  the  ports  of  Brest 
and  Rochefort  to  keep  a  register  of  all  the  phenomena  relating 
to  the  tides  and  report  it  to  the  Academy.  These  observations, 
kept  up  continuously  for  several  years,  were  analyzed  by 
Cassini,  and  from  them  he  deduced  a  general  law  for  the 
calculation  of  the  tides. 

In  1889,  the  French  Hydrographic  Department  directed  M. 
Chazallan  to  prepare  tables  giving  the  height  and  time  of  the 
tides  at  the  principal  ports  in  France,  and  the  *'  Annuaire  des 
Mar^  des  C6tes  de  France  "  is  now  issued  annually,  giving  not 
only  this  information,  but  also  constants  by  which  the  time  can 
be  ascertained  at  other  ports  not  given  in  the  tables . 

A  daily  record  of  the  tides  has  been  kept  at  all  the  principal 
ports  of  this  kingdom  for  a  long  series  of  years,  and  there  is 


TIDAL   RIVERS. 

prepared  aad  issued  by  order  of  the  Admii-alty  annually  "  T 
Tide  Tables  for  the  British  and  Irish  Poiis."  This  book  gi'» 
the  times  and  heights  of  high  water  for  night  and  morning 
every  day  for  twenty-three  representative  ports  in  this  counti 
and  also  the  time  and  height  of  the  tides  at  full  and  change  i 
all  the  principal  ports  in  the  world. 

Navigation.' — At  the  end  of  the  thirteenth  century,  the  invei 
tion  of  the  mariner's  compass  by  Fluvio  Giolia,  of  Amalfi,  hi 
enabled  mariners  to  extend  their  voyages  to  distances  beyoi 
the  coaat-line  with  some  confidence. 

The  long  voyages  in  unknown  seas  made  by  Columbi 
Baffin,  Hawkins,  Drake,  and  other  discoverers  in  this  countr 
involving  long  ocean  journeys,  directed  attention  to  the  necesail 
for  some  more  accurate  information  being  afibrded  to  the  scien 
of  navigation. 

The  navigators  of  three  hundred  yeais  ago  depended  almc 
entirely   on   "  dead   reckoning,"   or   the   estimated   coui-se   ai 
distance  run  by  a  ship,  assisted  by  observations  of  the  sun  ai 
stars  made  with  instruments  of  the  simplest  description.     T 
only  charts  in  use  repi'esented  the  world  as  a  flat  surface,  t 
meridians  being  shown  as  parallel  straight  lines  as  fai'  apart 
all   latitudes  as  they  are  at   the  equator,  and   the  degrees 
latitude  being  made  everywhere  equal  to  one  another,  and  a] 
to  the  degrees  of  longitude.     In  1569,  Mercator  drew  a  chart 
the  world   on  which  the  meridians  were  still   represented  ty' 
equidistant  and  parallel  straight  lines ;  but  the  degrees  of  lati- 
tude were  increased  in  length  on  receding  from  the  equator,  in 
the   same    proportion   that   the   distances   between   the   men* 
dians  on   the   globe  were  extended.     The  principle   on  wl '  " 
Mercator's  chart  was  drawn  was  explained  in  a  book  entji 
"  The  Errors  of  Navigation."  by  Edward  Wright,  and  publial 
in  this  country  in  1599.     Since  the  pubhcation  of  this  work 
sea-charts  have  been  drawn  on  this  projection,  which  has 
advantage  of  showing  a  ship's  actual  track  as  a  straight  line. 

An  iusti-ument  for  ascertaining  a  ship's  speed  was  invent 
in  1577,  consisting  of  a  small  log  of  wood  attached  to  a  li 
This  was  thrown  overboard,  and  the  time  taken  to  run  out 
certain  length  was  measured  by  the  repetition  of  a  senteni 
The  measurement  obtained  by  repeating  these  words  was  sul 
quently  superseded  by  the  use  of  minute-glasses  divided 
two  compartments,  one  of  which  contained  sand,  which  occupu 
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k  definite  time  in  running  from  one  division  to  the  other,  a 
practice  which  is  continued  to  the  present  day  as  a  check  on 
)iher  instruments.  The  speed  of  a  vessel  now  is  generally 
ascertained  by  a  self-recording  log. 

The  only  instrument  in  use  in  the  middle  of  the  sixteenth 
isentury  for  taking  the  altitude  of  the  sun  was  the  *'  forestaff/' 
nrhich  consisted  simply  of  a  wooden  rod  three  feet  long  and  an 
inch  square^  with  another  rod,  called  the  transversal,  attached  to 
it  in  the  centre  at  right  angles,  and  which  could  slide  backwardH 
md  forwards.  The  observer  placed  his  eye  at  one  end  of  the 
rod,  and  moved  the  transversal  along  it  until  he  could  see 
Uie  two  objects  to  which  it  was  directed  through  two  holes  at  the 
snd.  The  angle  subtended  by  the  two  ends  of  the  transversal 
sit  the  different  distances  from  the  eye  was  marked  on  the  rod. 
Ihe  astrolabe  and  the  backstaff  were  instruments  of  a  similar 
character,  and  were  in  use  until  the  sextant  was  invented  in  the 
middle  of  tlie  eighteenth  century. 

A  list  of  the  nautical  instruments  used  in  the  strange  and 
dau^eroos  voyage  of  Thomas  James  in  the  years  1631-32,  tr> 
discover  the  ncvrth-west  passage  through  the  Arctic  Sea,  in* 
daded  a  quadrant  of  old  seasoned  pear-tree  wood  divided  with 
diagonals  even  to  minotea,  four  feet  in  semidiameter ;  an  equi- 
lateral trian^  of  light  wood,  whose  radius  was  five  feet ;  a 
wooden  qioadrant  of  two  feet  semidiameter;  and  four  staves  for 
taking  altitudes  and  distanees  in  the  heavens. 

In  l*n4,  the  system  of  working  a  ship  s  eoorse  by  trigooo- 
metij  wns  intioiiiecd  by  Handsoo,  and  a  few  years  later  Gonter 
bno^kt  ovt  bis  seaks  and  seetor 

la  l^S  the  ofice  of  AstroiKWMT  Boyal  was  created,  and 
ulwiiiiriiMi  vcre  svstematacaDv  eommeneed  whidb  have  myth 
onbbd  ribii  JtpmTg^mt  toplaeeat  the  disposal  of  mariiM*s  thf: 

re^iaUe  infonnation  with  which  every  navigating 


appciintai  the  first  AstrcNWMKTB^jaL    Tbe; 

aZl  that  was  expa^kii  in  the  ctrtsMiAwwirt  ^4 

FkiMcnd's  salary  was  £M^  a  year,  <iQt 

k&  1^  v^  ivrr^tmr  Ym  inrtiumagts,  ai«d  in  r^^aam  i'M 

1^4,  m  «a£xxA  to  his  dutiifs  as  wn'Mfjmia,  v>  t«adL 

-wtHl  an  zrca  wxsain  of  K^tn  feet  £a£m  aavi  a 
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The  observations  and  information  collected  by  Flamstead 
and  his  successors  led  to  the  publication  of  a  number  of  tables 
for  the  use  of  navigators  by  Maskeleyne,  the  Astronomer  Royal 
in  1767,  and  also  to  the  issue  of  the  "  Nautical  Almanac." 
This  publication  contains  tables  giving  the  position  of  the 
moon  with  reference  to  the  fixed  stars  for  every  third  hour 
throughout  the  year,  the  position  of  the  various  planets,  and  the 
eclipses  and  occultations  of  Jupiter  and  his  satellites,  and  many 
similar  tables  required  by  mariners.  It  is  published  by  direction 
of  the  Admiralty  four  years  in  advance,  and  as  a  proof  of  its  use 
to  mariners,  it  may  be  stated  that  between  fifteen  and  sixteen 
thousand  copies  are  annually  disposed  of. 

In  1714,  the  British  Government  offered  a  reward  for  the 
discovery  of  a  means  of  accurately  determining  longitude  at 
sea ;  £20,000  was  to  be  given  for  any  method  giving  a  result 
within  thirty  miles  of  the  truth,  as  tested  on  a  voyage  between 
this  country  and  the  West  Indies,  and  £10,000  if  within  sixiy 
miles.  Twenty-one  years  afterwards  Harrison,  a  watch-maker, 
received  £500  as  a  reward  for  the  construction  of  a  chronometer; 
and  later  on  £5000  for  an  improvement  on  his  first  invention; 
and  the  whole  reward  was  paid  him  in  1773. 

In  the  sixteenth  century  there  were  no  reliable  maps  or 
charts.  The  only  charts  in  use  were  called  "  Waggoners,"  from 
the  Dutch  hydrographer,  Wagenhair,  who  produced  several  small 
charts  about  the  year  1584?.  In  1588  his  "  Speculum  Nauticum," 
a  book  of  sailing  directions,  was  translated  into  English.  In 
1671  a  book  of  sailing  directions,  called  "The  English  Pilot," 
-was  issued  by  John  Sellers.  It  was  a  collection  of  sketches  of 
the  coasts  of  this  country,  of  the  North  Sea,  and  of  France  and 
Spain,  accompanied  by  sailing  directions.  In  1795  the  ofiSice  d 
Hydrographer  was  es  tablished  at  the  Admiralty,  and  Alexander 
Dalrymple  appointed.  Captain  Hurd,  his  successor,  may  be  said 
to  have  originated  the  "  Charts  of  the  Coasts  and  Harbours  in  all 
Parts  of  the  World,"  which  are  now  issued  by  the  Hydrographie 
Department  of  the  Admiralty  at  a  very  small  cost.  ' 

In  the  same  department  are  also  prepared  the  various  volumes 
of  Sailing  Directions,  giving  particulars  of  the  nature  of  the  coasts 
the  set  of  the  tides,  the  depth  of  water,  and  other  particulars 
of  the  coasts  and  harbours  frequented  by  British  ships.  The 
-various  charts  issued  by  the  department  at  the   present  time 

imber  upwards  of  three  thousand,  and  over  a  hundred  and 
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ty  thoasaml  are  issued  in  a  year.  The  Sailing  Directions 
And  to  fifty  volumes,  in  addition  to  supplements  wliicli  are 
stantly  being  issued.  The  cost  of  the  depaitment  Ib  nearly 
).000  a  year,  exclusive  of  the  coat  of  about  seven  ships  of  the 
al  navy  engaged  in  surveying. 

Standard  Datum. — The  advantage  to  hydrographic  surveying 
laving  a  common  standard  or  datum  to  which  all  observations 
,  be  referred  is  obvious. 

In  1860,  the  French  Government  issued  an  order  fixing  the 
OBQ  of  all  levels  for  France  on  the  mean  level  of  the  Jlediter- 
ean  Sea  at  Marseilles.  This  is  known  as  the  zero  of  Bourda- 
e,  and  is  used  on  all  plans  for  public  works  and  for  luilitaiy 
poses.  The  general  survey  of  France,  carried  on  since  1884, 
i  connected  with  the  Italian,  Austrian,  Dutch,  and  German 
terns,  which  embraced  points  on  the  coasts  of  the  Mediter- 
lean,  Atlantic,  Xorth  Sea,  and  Baltic  and  enabled  the  mean 
bI  of  these  seas  to  be  compared,  and  the  discrepancies  which 
vioasly  existed  to  be  corrected.  It  was  found  that  practically 
level  of  these  seas  is  the  same. 

In  1783,  under  the  advice  of  M.  Cassini,  the  French  and 
giish  Governments  directed  that  a  series  of  triangles  should 
carried  from  London  to  Dover,  and  thence  connected  by 
ervations  across  the  English  Channel  with  the  triangula- 
1  already  executed  in  France,  so  as  to  ascertain  accurately 
relative  situation  of  the  Paris  and  Greenwich  observatories. 
order  to  carry  out  this  survey,  a  base-line  five  miles  long  was 
isured  on  Hounslow  Heath  in  17S4.  Tliis  was  reraeasured 
1791,  and  formed  the  base-line  on  which  the  trigonometrical 
vey  of  this  country  was  founded. 

The  datum  for  the  level  of  the  ordnance  survey  adopted  by 
English  Government  is  the  mean  level  of  the  sea  at  Liver- 
I,  which  coincides  with  small  variations  with  the  level  all 
nd  the  coast.  It  was  also  assumed  by  the  committee  of  the 
tiah  Association  that  the  mean  level  of  the  sea  on  the  south 
)  of  the  English  Channel  is  the  same  as  on  the  coast  of  this 
ntry.  The  datum  used  by  the  Admiralty  for  their  charts  is 
mean  level  of  low  water  of  spring  tides  at  the  different  paiis 
lie  coast.  In  the  Appendix  will  be  found  a  table  in  which  the 
I  data  and  gauges  of  all  the  principal  ports  of  this  country, 
also  the  foreign  data,  are  reduced  to  the  common  standard  of 
Bn^ish  ordnance  datum,    'llie  countries  which  have  adopted 


I 


L 


i6  TIDAL  mVEHS. 

the  mean  level  of  the  sea  as  their  datum  are  aa  follows :  Belgium,  ' 
the  mean  level  at  Ostend :  Spain,  at  Alicante ;  Portugal,  at 
Casca^s;  Russia,  the  Gulf  of  Finland;  Holland  has  taken  the 
level  of  high  water  at  Amsterdam,  or  O'H  metre  (■+o9  feet) 
above  mean  level;  German}-,  a  point  0-37  below  a  mark  on  thu 
Observatory  at  Berlin,  which  is  about  ■0(3  feet  above  the  mean 
level  of  the  Baltic  at  Swinemunde ;  Italy,  the  mean  level  of  tin 
Mediterranean  at  Genoa ;  Austria  and  Hungary,  the  mean  level 
of  the  Adriatic  at  Trieste.  The  variations  of  the  mean  level  of 
the  different  seas  from  the  Mediterranean  as  found  from  the 
French  survey  is  given  in  the  table  in  the  Appendix. 

Eydraulio  Literatnre. — The  knowledge  of  hydraulics,  both 
theoretically  and  practically,  has  been  gi'eatly  aided  in  its  de- 
velopment by  the  societies  which  have  been  established  in  this 
country  for  the  promotion  of  science.  The  contributions  by 
members  of  the  Royal  Society  on  the  tides  and  other  subjects 
have  already  been  referred  to.  The  British  Association,  which 
commenced  its  meetings  in  1832,  has  also,  by  the  appointment 
of  committees  to  investigate  such  subjects  as  the  tides,  the 
theory  of  waves,  and  other  similar  subjects,  and  by  placing  funds 
at  their  disposal  for  the  purpose,  has  enabled  woi'k  to  be  done 
and  different  subjects  investigated  which  in  other  countries  an 
only  undertaken  by  the  direction  and  at  the  cost  of  the  Govi 
ment. 

In  181S  the  Institution  of  Civil  Engineers  was  establu 
and  incorporated  by  royal  charter  in  1828,  the  first  preaii 
being  Thomas  Tellford.  The  Proceedinfjn  of  this  institution  eon- 
tain  most  valuable  records  of  papers  contributed  and  discussions 
held  thereon  on  all  subjects  connected  with  hydraulic  science 
from  which  materials  have  been  very  largely  drawn  in  the 
preparation  of  this  book.  Similar  institutions  of  engineers  hava 
been  established  in  Ireland  and  in  Holland  and  America,  and 
the  TransactioTis  of  these  societies  contain  many  valuable  papew 
on  hydrology.  In  France  the  whole  of  the  works  for  the  use  of 
the  navigation,  both  on  the  Coast  and  in  the  interior,  are  under 
the  care  of  the  Government  A  special  department,  called  "  The 
Ponta  et  Chauss^es,"  with  a  large  stafi'  of  specially  trained 
engineers,  has  the  charge  and  maintenance  of  the  harbours,  rivers, 
and  canals,  and  all  new  works  are  designed  and  carried  out  by 
the  Government  engineers.  In  Holland,  although  many  large 
hydraulic  works  have  been  carried  out  by  private  enterprise,  the 


fTJfE   DEX'ELOPMENT  OF  HYDRAULIC  SCIENCE.       17 

care  generally  of  the  rivers  and  navigation  works  is  undertaken 
by  the  Government,  a  special  department,  termed  "  The  Water- 
Btaat,"  with  a  large  staff  of  engineers,  being  maintained  for 
the  purpose.  In  Belgium,  Germany,  and  Russia  the  navigable 
rivers  and  harbour  works  are  under  departmental  control.  In 
America  the  funda  for  the  improvement  of  the  large  navigable 
rirera  and  harbours  of  the  country  have  been  paid  for  by  votes 
appropriated  out  of  the  national  funds,  and  in  the  majority  of 
cases  have  been  carried  out  by  the  State  engineers.  There  is 
not,  however,  in  the  United  Statea  a  special  department,  the 
work  being  done  by  the  engineers  attached  to  the  army. 

The  meetings  of  the  Internationa]  Congress  on  navigation 
which  have,  within  the  last  few  years,  been  held  at  Brussels, 
Vienna,  Frankfort,  Manchester,  and  the  last  at  Paris  in  1892, 
have  been  the  means  of  disseminating  a  very  large  amount  of 
information  as  to  the  practice  of  hydraulic  engineering  in  the 
different  countries  of  the  world,  more  especially  with  reference 
to  interior  naWgation.  The  papers  on  the  practice,  theory,  and 
economics  of  engineering  ami  navigation  afford  a  wide  range  of 
information  on  these  subjects. 

In  1S03,  J.  Phillips,  who  had  been  employed  by  Brindley 
in  the  construction  of  the  early  canals,  published  a  "  General 
Historyof  Inland  Navigation,  Foreign  and  Domestic"  In  1H31,  J. 
Priestley  also  published  an  "  Historical  Accoimt  of  the  Navigable 
Rivers  and  Canals  of  Great  Britain,"  with  a  large  map  in  six 
sheets.  Both  these  works  deal  chiefly  with  inland  navigation, 
and  afford  very  little  infoimation  as  to  tidal  rivers, 

The  development  of  hydraulic  science  has  also  been  largely 
aided  by  books  contributed  by  engineers.  In  1841  a  treatise 
on  the  '■  Improvement  of  the  Navigation  of  Tidal  River-s "  was 
published  by  W.  A.  Brookes,  the  engineer  of  the  river  Tyne. 
The  greater  part  of  this  work  is  devoted  to  the  examination 
of  the  cause  of  bars  in  rivers,  and  of  the  coui-se  to  be  adopted 
for  obtaining  an  improvement  of  the  depth  over  bars.  Mr. 
Brookes's  theory  is  that  bars  are  due  to  the  flood-tide  being 
checked  by  the  back  water,  and,  being  of  greater  specific  gravity, 
endeavouring  to  force  its  way  up  under  the  outflowing  ebb  like 
a  wedge ;  being  unable  to  do  this,  it  merely  elevates  the  lighter 
effluent  water,  and  this,  being  checked  by  the  opposition  of  the 
tidal  water,  yields  to  the  latter  the  aand  and  other  materials  in 
su^>Giision.     The  remedy  for  this,  he  suggests,  is  by  increasing 
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the  tidal  wave  and  effecting  the  rapid  discharge  of  the  bade  J 
water.  He  also  controverts  the  contention  of  Frisi  as  to  t 
best  position  for  groynes  for  directing  the  current  nf  a  river, . 
advises  that  tliese  should  be  placed  at  right  angles  to  the  streai 
on  the  ground  that  the  eddy  produced  at  the  back  of  a  j; 
placed  in  this  position  prevents  damage  from  bodies  tloaUng 
down  the  stream,  which  are  drawn  into  the  eddy  and  settle 
there.  These  and  the  deposit  of  the  matter  brought  in  suspen- 
sion in  the  water  speedily  fill  up  the  space  between  the  end 
of  the  grojTie  and  the  shore.  Mr,  Brookes  also  contended  that 
in  training  a  tidal  river  there  is  an  advantage  in  giving  a 
preponderating  direction'  of  the  stream  to  one  side  of  the 
channel  by  rendering  it  slightly  concave.  By  this  means 
he  contends  that  a  greater  depth  will  be  maintained  in  the 
channel  at  low  water  than  in  a  straight  channel ;  that,  in 
training  work  carried  out  in  sandy  estuaries,  a  single  coneave 
training  wall  will  be  frequently  found  suiRcient  to  maintain  the 
channel  in  one  course;  and  that  piers  at  the  mouths  of  rivers 
should  always  effect  their  junction  with  the  sea  by  a  concave 
pier  on  the  windward  side,  by  which  means  the  outer  division 
or  convex  side  of  the  pier  would  shelter  the  interior  of  the 
channel  from  the  prevailing  gales,  and  prevent  the  range  of  the 
waves  i-unnlng  along  the  face  of  the  pier.  He  considers  that  a 
curve  having  a  radius  of  three  miles  will  ensure  a  more  easy 
navigation  than  is  found  in  channels  having  straight  reaches. 

In  the  year  ISW  a  Royal  Commission  was  appointed  to 
inquire  into  the  condition  of  the  harbours  of  this  country. 
Every  port  of  consequence  in  Great  Britain  was  inspected,  and 
local  inquiries  held.  The  attention  and  inquiries  of  the  com- 
missionei-s  seem  to  have  been  principally  directed  to  the  necessity 
of  having  a  controlling  authority  over  harbours  and  tidal 
rivers ;  and  to  the  damage  which  had  been  done  by  landowners 
and  others  by  enclosing  spaces  covered  by  tidal  waters,  thus 
diminishing  the  quantity  of  tidal  scour,  and  deteriorating  the 
outfall.  The  inquiry  extended  over  the  years  1^(45-7,  and  the 
repoit  and  evidence  collected,  with  plans  of  several  of  the  porta, 
were  published  in  four  volumes. 

In  1853,  Captain  Calver,  who  was  employed  for  several 
years  in  the  hydrographic  department  of  the  navy,  and  in  the 
course  of  his  duties  was  engaged  upon  surii-eys  of  most  of 
the  estuaries  and  ports  in  this  country,  published  his  valuable 
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treatise  on  "The  Consen-ation  and  Improvement  of  Tidal 
and  sup[)lied  the  first  code  for  guidance  in  the 
iment  of  tidal  channels  which  had  been  published. 
Calve r  contends  that  every  portion  of  the  tidal 
ise  of  a  river  has  a  value  peculiar  to  itself,  and  that 
ndactions  of  the  tidal  capacity  must  lead  to  a  deterioration  of 
the  cluuinel,  the  fresh  water  alone  being  powerless  to  maintain 
a  aea  outlet;  that  the  supply  of  material  which  encumbers  a 
river  comes  from  the  interior,  and  not  from  the  sea ;  that  the 
improvement  of  the  tidal  propagation  is  a  test  of  the  imprave- 
ment  of  the  tidal  compartment  of  a  river.  These  and  the  other 
matters  dealt  with  by  Captain  Calver  will  be  referred  to  more 
fully  in  a  future  chapter.  Captain  Calver  devotes  one  chapter 
of  his  book  to  bars  and  the  theories  which  have  been  put  forward 
to  account  for  their  formation,  and  points  out  that  it  is  a  hope- 
lesa  task  to  attempt  to  get  rid  of  bars  in  tidal  rivers  by  project- 
ing piers  or  other  works  solely  with  a  view  of  reaching  beyond 
Uie  region  of  movable  matter,  as  the  collection  of  matter  about 
Budi  a  projection  is  merely  a  matter  of  time;  and  that  the  true 
direction  of  improvement  is  by  establishing  the  preponderance 
of  the  inner  scouring  power  as  the  superior  one,  and  that  piers 
should  be  designed  with  a  view  to  achieve  this  end. 

In  iNio  a  work  on  tidal  rivers,  containing  descriptions  of 
the  principal  tidal  rivers  in  France  and  the  means  adopted  for 
Uieir  improvement,  was  published  in  Paris  by  M.  Bouncieau  ; 
and  in  1861  a  work  on  the  action  of  the  tides  in  rivers  by 
M.  Partiot. 

The  work  on  "River  Engineering,"  published  by  Mr.  David 
f^tevenson  in  1858,  and  on  "  Harbours,"  by  Mr.  Thomas  Steven- 
son, were  both  founded  on  articles  which  had  previously  appeared 
in  the  "  Encyclopffidia  Brittannica."  Mr.  Stevenson's  work  on 
"River  Engineering"  was  the  result  of  a  very  extended  range 
of  practical  information  acquired  by  him  fnmi  surveys  and 
works  carried  out  under  the  direction  of  his  firm  on  many  of 
the  principal  rivei-a  of  this  country,  and  may  be  considered  as 
the  standard  work  on  the  subject.  His  book  deals  generally 
with  the  laws  relating  to  the  motion  of  water,  and  the  principles 
to  be  observed  in  carrying  out  works  for  the  improvement  and 
maintenance  of  rivers  and  channels ;  but  ita  principal  value  is 
the  record  of  facts  observed  and  the  description  of  works  carried 
ydftlnvgrej^  he  generally  endorses  the 
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doctrines  laid  down  by  Captain  CaJver,  and  thus  summarizes 
the  objects  to  be  sought  and  the  beneficial  effects  to  be  obtained 
from  works  of  improvement  when  carried  out  on  correct  prin- 
ciples :  To  deepen  the  level  of  the  low-M'ater  luie.  To  increase 
the  range  of  the  tide.  To  accelerate  the  propagation  of  the  Ude 
through  the  channel  of  the  river.  To  prolong  the  duration  of 
the  tide  in  the  river.  To  equalize  the  velocity  of  the  tidai 
currents,  removing  rapida  and  bores.  To  add  to  the  beneficial 
scouring  power  of  the  river,  and  to  increase  the  na^dgable  depth. 
Mr.  Tliomas  Stevenson's  work  on  "  Harbours  "  is  a  practical 
manual  on  the  construction  of  works  designed  to  resist  the 
action  of  the  sea  and  waves,  and  contains  a  large  amount  of 
information  as  to  the  power  of  the  water  on  works  of  defence 
and  other  matters,  derived  from  a  wide  experience  in  designing 
and  carrying  out  piers  and  harbours  and  lighthouses. 

Mr.  Vernon  Harcourt's  book  on  "  Rivera  and  Canals,"  pub- 
lished in  1882,  and  his  "  Harbours  and  Docks,"  in  1885,  describe 
the  physical  cliaracteristics  of  some  of  the  principal  navigable 
rivers,  and  of  thts  works  which  have  been  carried  out  for  their 
improvement,  and  for  providing  accommodation  for  navigation. 
These  works  afford  valuable  information  to  the  hydraulic  engineer  J 
engaged  in  practical  work. 

In  1884  Sir  Charles  Hartley  delivered  a  lecture  before  the  | 
Institution  of  Civil  Engineers,  being  one  of  a  aeries  on  Hydro*  j 
namice,  on  the  "Inland  Navigation  of  Europti,"  in  which  will] 
be  found  a  fidl  account  of  the  works  carried  out  for  the  improve 
ment  of  the  Danube,  and  a  description  also  of  the  condition  a 
the  principal  navigable  rivers  of  Europe.     The  Danube  worn 
will  also  be  found  further   described  in  papers   by  the  san* 
author  in  the  Minutes  of  Proceedings  of  the  Institution  of  Civill 
Engineers, 

In  1881  Mr.  J.  T,  Mann  published  a  treatise  on  the  cam 
of  formation  and  treatment  of  bars.  Mr.  Mann,  from  experiei 
gained  in  connection  with  the  works  for  the  improvement  of  tJ 
bar  of  the  Liffey  in  Dublin  harbour,  considers  that  the  moi 
effectual  way  of  dispei-sing,  and  preventing  the  re-formation  ( 
bars  is  by  what  he  terms  "  induced  tidal  scour,"  or  the  concen- 
tration  a  large  body  of  tidal  water  on  the  particular  part  of  thai 
channel  which  requires  deepening. 

A  very  valuable  addition  was  made  to  hydraulic  liteiaturfl 
by  the  publication  in  ISol  of  the  "Manual  of  Hydrology,"  h 
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N.  Beaidmore.  The  author  of  this  work,  during  a  long  career 
as  engineer  engaged  in  river  work,  had  collected  together  a  great 
>|>S8  of  Tacts  and  statistics  relating  to  hydraulic  engineering, 
MikA  as  to  tides  and  the  physical  conditions  of  rivei-a.  In  his 
"  Manual  of  Hydrology  "  he  has  given  many  of  these,  togethei- 
with  a  large  number  of  tables,  for  calculating  discharges  and  for 
other  purposes.  This  book  still  remains  the  standard  hand- 
lioofc  of  the  hydraulic  engineer. 

The  works  of  Downing  and  Neville,  published  about  thirty 
years  ago,  made  a  considerable  addition  to  the  knowledge  of 
theoretical  engineering.  More  recently  works  have  been  pub- 
lished by  Merriman  and  Flynn  on  the  same  subject  in  America. 

Downing,  in  his  "  Elements  of  Practical  Hydraulics,"  gives  a 
simple  adaptation  of  the  formula  of  Chezy  for  ascertaining  the 
velocity  of  water  in  rivers  and  open  channels  which  has  the 
merit  of  simplicity,  reijuiring  few  figures  in  its  working.  By 
this  formula  the  velocity  found  is  the  product  of  the  square 
root  of  the  hydraulic  mean  depth  multiplied  by  twice  the  fall 
per  mile,  reduced  by  a  constant  depending  on  the  character  of 
tha  stream  :  Y  =  -J  R  x  2F  X  C.  Neville's  book  of  "  Hydraulic 
Tables  and  Coefficients"  contains,  besides  the  tables,  a  con- 
siderable amount  of  information,  derived  chiefly  from  experi- 
anee  gained  in  the  works  carried  out  for  the  improvement  of 
llie  rivers  and  drainage  of  Ireland. 

In  1S70  Herr  Kutter  and  M,  Ganguillet  made  a  series  of 
experiments  on  watercourses  in  Switzerland,  with  the  object  of 
deducing  a  more  exact  law  for  the  eft'ect  of  roughness  and 
decli\-ity  on  the  discharge,  and,  as  the  result  of  their  observa- 
tions, produced  a  formula  sufficiently  variable  to  be  adapted  to 
rivers  and  channels  of  vai-ying  character.  Kutter's  "  Hydraulic 
Tables,"  translated  by  L.  D.  A.  Jackson,  was  published  in 
this  country  in  1876.  The  formula  is  complicated,  and,  the 
observations  having  been  made  on  rivers  having  stuep  inclina- 
tions and  high  velocities,  the  coefficients  do  not  give  any  more 
exact  results  when  applied  to  tidal  rivers  than  can  be  obtained 
with  a  formula  of  more  simple  character. 

About  the  year  1880  a  series  of  velocity  observations  was 
made  by  Major  Allan  Cunningham  on  the  canals  in  India  for 
the  Ooveniraent,  and  also  with  the  object  of  settling  a  formula 
for  obtaining  the  velocity  in  canals  and  irrigation  channels. 

L^  of,  the  United  States  voted  funds 
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for  an  investigation  of  the  conditions  attaching  to  the  river 
Mississippi,  with  a  view  to  obtaining  correct  information  ajs  to 
the  cause  and  means  of  preventing  floods  and  the  constant 
changes  in  the  course  of  the  river.  The  result  of  this  survey 
was  given  in  a  report  by  Humphreys  and  Abbot,  published  in 
1861.  Beyond  the  knowledge  to  be  derived  from  a  study  of  the 
facts  recorded,  this  work  has  not  added  much  to  what  was  pre- 
viously known,  except  perhaps  as  to  the  mean  velocity  of  water 
flowing  in  a  large  river. 

Messrs.  Humphreys  and  Abbot  having  conducted  a  large 
number  of  experiments,  and  compared  the  results  with  those 
obtained  with  the  existing  formulae,  found  that  none  of  those 
having  a  fixed  coefficient  agreed  with  their  researches,  and  that 
the  coefficients,  when  variable,  extended  over  a  very  wide  range. 
They  therefore  produced  a  new  formula,  in  which,  in  place  of 
the  hydraulic  mean  radius,  a  new  term,  called  the  prime  radius, 
was  adopted,  being  the  breadth  of  the  surface  added  to  the  pro- 
duct of  the  area  divided  by  the  perimeter.  The  fourth  root  of 
the  inclination  was  also  taken  instead  of  the  square  root.  Their 
formula  will  be  found  in  the  Appendix. 

In  1873  a  similar  investigation  was  made,  at  the  instance 
of  the  Argentine  Confederation,  of  the  rivers  Parana,  Uruguay, 
and  La  Plata,  by  J.  J.  Revy,  thq  results  being  given  in  the 
work  on  "  Hydraulics  in  Great  Rivers."  A  great  deal  of  valuable 
information  will  be  found  in  this  book  as  to  the  flow  and  dis- 
charge of  water  in  large  rivers  having  a  very  small  surface 
inclination,  and  as  to  the  efl*ect  of  the  tides  at  great  distances 
from  the  sea.  Information  is  also  aflbrded  as  to  the  method  of 
surveying  rivers  of  this  character,  and  the  use  of  floats  and 
current-metres  for  ascertaining  the  velocity. 


CHAPTER  II. 

HISTOEICAL   ACCOUNT   OF   WORKS   CARRIED    OLT    FOR    THE    IM- 
PROVEMENT OF   TIDAL   RIVERS  AND   NAVIGATION. 

Although  the  science  of  hydraulica  has  been  reduced  to  exact 
laws  withiii  modern  times,  very  extensive  hydraulic  works  were 
curied  out  by  the  ancients.  These  were  principally  in  con- 
nection with  inland  navigation,  water-supply,  and  the  drainage 
and  reclamation  of  land. 

It  is  a  remarkable  circumstance  that,  considering  the  large 
extent  of  the  land  compared  to  the  population  that  existed  in 
the  early  days  of  the  world,  such  labour  and  cost  should  have 
been  expended  in  draining  and  embanking  lands  which  other- 
wise would  have  been  uninhabitable.  A  very  considerable  tract 
of  land  was  made  habitable  by  drainage  by  the  Romans  in  Italy. 
The  greater  part  of  Holland  exists  only  by  the  aid  of  artificial 
works,  and  was  reclaimed  from  the  sea  by  the  skill  of  the  early 
engineers.  In  this  country  a  very  extensive  tract  of  land  on 
the  east  coast  was  enclosed  from  the  sea  by  embankments 
extending  for  several  miles  along  the  coast  and  up  the  rivers. 
In  modern  times  some  of  the  principal  settlements  in  America 
are  along  the  course  of  the  Mississippi,  the  water  of  which  river 
is  with  difficulty  restrained  from  inundating  the  reclaimed  lands 
by  massive  embankments. 

The  earliest  navigators  of  whom  we  have  any  record  were 
tlie  Phctnicians,  and  their  principal  city.  Tyre,  was  built  on  a 
series  of  islands  which  lan  parallel  with  tl\e  shore  of  the  main 
land,  and  thus  formed  a  natural  breakwater.  These  islands  were 
united  in  the  time  of  King  Hiram  by  filling  up  the  space  between 
them.  The  area  of  the  island  was  also  enlarged  by  filling  up 
the  sea  with  stone  and  earth  brought  from  the  mainland.  The 
Phoenicians  ]>ossessed  a  large  fleet  of  boats,  in  which,  as  early 
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as  the  thirteenth  century  before  the  Christian  era,  they  navi*l 
gated  the  Mediterranean,  and  their  merchantmen  travoraed 
unexplored  countries,  freighting  their  vessels  with  their  own 
wares  and  those  of  Egypt  and  Assyria.  Their  vessels 
through  the  Straits  of  Gibraltar,  and  colonies  were  established 
in  Spain  and  the  Scilly  Islands ;  they  also  came  to  this  countiy 
to  fetch  supplies  of  tin  and  lead  for  importation  into  Greece 
and  Asia,  leaving  in  exchange  pottery,  salt,  and  cloth.  For  th« 
protection  of  their  vessels  the  Tyrians  constructed  two  harbours 
That  on  the  north  had  piers  of  stone  carried  out  from  the  shors 
about  700  feet  into  the  sea,  leaving  an  opening  of  100  fee^ 
and  enclosing  a  space  of 
about  fifteen  acres.  The 
harbour  was  thus  made 
secure  from  the  effect  of  the 
north  wind.  A  breakwater 
and  harbour  was  also  con- 
structed on  the  south  of  the 
island  rather  more  capacious 
than  that  on  the  north,  thi 
two  being  connected 
getherby  a  canal  excaval 
through  the  middle  of  the  city  (see  Fig.  1). 

In  ancient  Egypt  very  considerable  works  were  carried  oot  \ 
in  the  construction  of  canals  for  facilitating  the  navigation  of  the  j 
interior  and  for  irrigation.  A  canal  was  made  for  the  purpose 
of  effecting  a  junction  between  the  Nile  and  the  Red  Sea, 
thus  opening  up  a  communication  for  vessels  coming  from  the 
East  by  the  Red  Sea  to  the  Nile  and  the  Mediterranean,  and 
30'to  Greece  and  Rome.  Another  large  hydraulic  work  was  th 
conversion  of  the  large  depression  in  the  Fayoum  country  oi 
the  east  side  of  the  Nile  into  the  famous  lake  Mceris,  which  hat 
a  circumference  of  four  hundred  and  fifty  miles.  This  lake  wai 
constructed  for  irrigation,  and  was  supplied  by  the  canal  knowl 
as  the  Bahr  Josuf,  its  name  lending  credence  to  the  traditioi 
that  it  was  cut  in  the  time  of  the  Pharaohs,  under  the  directioi 
of  Joseph.  It  leaves  the  Nile  at  As.siout,  and,  running  for  tw 
hundred  and  fifty  miles  nearly  parallel  with  it,  but  at  a  lee 
inclination,  gradually  assumes  a  higher  elevation,  and,  afte 
entering  the  Fayoum  through  a  narrow  pass,  discharged  it 
water  into  the  lake.     A  strong  testimony  in  favour  of  the  sfcij 
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with  which  this  work  was  designed  is  given  hy  tho  fact  that 
cme  of  the  roost  prominent  and  feasible  schemes  now  occupying 
the  attention  of  the  Egyptian  authorities  for  improving  the 
irrigation  of  Egypt  is  the  plan  of  Mr.  Cope  Whitehouse  for 
restoring  the  area  occupied  by  the  site  of  Lake  Mceris  to  its 
original  purjiose. 

The  great  canal  of  China  is  supposed  to  have  been  con- 
stRiet«d  at  a  very  early  date  in  the  world's  history.  It  runs 
from  north  to  south  of  the  empire,  extending  from  Canton  on 
the  south  to  Pekin  on  the  north,  a  distance  of  825  miles,  along 
whidi  vessels  of  one  hundred  tons  were  able  to  navigate.  Its 
breadth  is  50  feet,  and  depth  0  feet.  In  addition  to  the  Grand 
Canal,  the  coimtry  has  been  intersected  in  every  direction  by 
smaller  waterways,  which  are  used  for  the  purposes  of  navigation 
and  irrigation. 

Both  the  Greeks  and  Romans  constructed  harbours  for  the 
protection  of  their  vessels,  which  traded  with  the  Egyptian, 
Fhceaician,  and  other  ports.  Remains  of  the  ancient  Greek  piers 
are  to  be  found  at  the  present  time.  The  Romans  carried  out 
coDsidemble  harbour  works  at  Ancona,  Civita  Vecchia,  and 
Ostia,  At  the  latter  place  two  long  walls  were  rim  out  in  the 
Ume  of  the  Emperor  Trajan,  and  the  entrance  protected  by  a 
stone  breakwater,  enclosing  an  area  of  about  one  hundred  and 
forty  acres,  in  which  there  was  a  depth  of  IS  feet.  A  light- 
house 200  feet  high  was  erected  at  the  outer  end  of  the  pier. 
In  the  harbour  there  were  also  one  and  a  half  mile  of  quays, 
and  large  warehouses  for  storing  grain.  The  Romans  also 
carried  out  extensive  works  for  regulating  the  Tiber,  and  for 
draining  and  reclaiming  marsh  lands  in  Italy  and  the  countries 
which  they  conquered.  In  this  country,  in  addition  to  the 
embankments  which  they  constructed  for  reclaiming  the  Fen- 
land,  they  also  cut  the  canal  known  as  the  Fosdyke  running 
from  Lincoln  to  the  Trent,  and  tho  Cardyke  running  from 
Iiincoln  to  tho  river  Nene.  The  former,  eleven  miles  in  length, 
is  still  in  use  as  a  navigation ;  and  tho  latter,  forty  miles  long,  is 
partially  used  as  a  means  of  di-ainage.  After  the  time  of  the 
Romans,  a  long  interval  appeal's  to  have  elapsed  before  there  is 
any  record  of  attention  being  paid  to  works  of  navigation  or 
dnunago. 

About  the  end  of  the  fourteenth  century  Leonardo  da  Vinci 
Snt  made  use  of  the  principle  of  the  lock  in  the  canal  called  the 
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Naviglio  Grande,  from  the  Ticino  to  Milan.  The  invention  of 
the  lock  as  a  means  of  overcoming  the  variations  in  level,  and  in 
obtaining  a  regular  depth  of  water,  gave  considerable  impulse 
to  the  extension  of  inland  navigation.  The  first  application  of 
locks  in  this  country  was  by  John  Trew  on  the  Exeter  Canal 
in  1566. 

In  1666  Pierre  Paul  Riquet  commenced  the  works  on  the 
famous  Canal-du-Midi,  or,  as  it  is  generally  called,  the  Grand 
Canal  of  Languedoc.  This  canal  crosses  the  isthmus  whicb 
connects  France  and  Spain,  and  extends  from  the  river  Garonne 
at  Toulouse  to  Cette  on  the  Mediterranean,  thus  providing  a 
waterway  from  the  Mediterranean  to  the  Atlantic  The  length 
of  the  navigation  is  158  milea  It  rises  207  feet,  and  has  a 
hundred  locks,  passes  over  several  rivers,  and  in  one  place  is 
carried  by  a  tunnel  through  the  mountains.  It  terminates  in  a 
harbour  and  a  sea  entrance  at  Cette.  The  cost  of  this  canal 
was  £1,320,000.  In  addition  to  the  numerous  engineering  diffi- 
culties which  Riquet  successfully  overcame,  he  was  continually 
embarrassed  by  the  want  of  funds.  Considering  the  boldness  of 
the  undertaking,  the  number  of  constructional  works  required, 
and  the  want  of  previous  experience,  this  must  be  regarded  as  a 
work  which  reflected  immense  credit  on  Riquet  as  an  hydraulic 
engineer. 

The  Early  Engineers. — In  1478  Bishop  Morton  made  a  com- 
mencement in  the  improvement  of  the  rivers  draining  through 
the  fen  country  in  the  east  of  England,  by  mcdcing  a  new 
channel  for  the  river  Nene  from  Peterborough  to  Guyhim.  It 
was  not,  however,  till  the  middle  of  the  seventeenth  century 
that  the  work  was  continued,  when  a  large  amount  of  money 
was  expended  by  adventurers  in  attempts  to  reclaim  the  fen. 

There  had  been  so  little  work  for  hydraulic  engineers  in 
England  that  it  became  necessary,  when  such  services  were 
required  in  this  country,  to  obtain  them  from  other  countries, 
and  generally  from  Holland.  The  engineer  whose  name  has 
left  the  most  enduring  record  behind  him  was  Cornelius 
Vermuyden,  a  Dutchman,  who  was  brought  over  from  Holland 
in  1621  to  stop  a  breach  which  had.  occun-ed  in  the  banks  of 
the  Thames.  He  was  afterwards  employed  in  the  drainage  of 
Hatfield  Chase,  which  he  accomplished  by  carrying  the  water 
direct  to  the  Trent  by  the  river  Idle;  embanking  the  river 
Don,  and  providing  a  new  outfall  for  it  by  a  cutting  called  the 
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Dutch  River,  which  joins  the  Ouse  near  Goole,  and  is  both 
idal  anti  navigable  for  bai-ges.  SuVjsequently  be  was  employed 
tti  the  great  level  of  the  fens, 

Westerdyke,  another  Dutch  engineer,  was  also  called  to 
hdvise  un  the  works  to  be  carried  out. 

Venuuyden  and  Westerdyke  held  ditTerent  viewa  as  to  the 
irinciplcs  on  which  the  works  of  improvement  should  be  carried 
mt.  Westerdyke  contended  for  the  views  originally  taught  by 
Juglielmini,  that  the  water  should  all  be  concentrated  in  one 
□aiu  channel ;  that  the  fii-at  consideration  should  be  the  im- 
>rovenient  of  the  outfall  and  the  trunk  rivers,  and  the  free  run 
if  the  tidea  up  those  rivers.  Vermuj'den,  on  the  other  hand, 
kdvised  the  sepai-ation  of  the  drainage  water  from  the  tidal,  and 
Jie  carrying  of  this  by  long  straight  cuts,  often  ruuning  nearly 
«rallel  with  the  rivers.  Thus  the  old  Bedford  River,  21  miles 
oog  and  70  feet  wide,  was  cut,  extending  from  Erith  to  Denver, 
md,  running  nearly  parallel  with  the  Ouse,  with  the  object  of 
■elieving  and  taking  off  the  floods  in  that  river.  Other  large 
nain  drains  were  also  made,  diverting  the  water  from  the  upper 
jwb  of  the  Ouse  and  discharging  it  lower  down,  by  which  means 
LQ  outfall  for  the  lowlands  was  obtained,  which  hitherto  had 
teen  more  or  less  under  water.  These  drains  were  protected 
ly  self-acting  doors  where  they  joined  the  tidal  river,  which 
diowed  the  drainage  to  How  out  at  low  water,  and  [(revented  the 
ides  from  Bowing  up  the  drains.  Vermuyden's  plan  lent  itself 
Bore  readily  to  the  circumstances  of  the  case  than  Westerdyke's, 
ta  the  latter  required  the  united  action  of  all  the  parties  in- 
erested,  whereas  Vermuyden's  system  could  be  carried  out  piece- 
neal,  each  district  effecting  its  own  drainage  independent  of  the 
ithers.  The  latter  system  prevailed  in  all  the  early  works  of 
Irainage.  As  a  general  system  it  proved  a  failure,  and  works 
lad  to  be  subsecjueutly  earned  out  for  deepeuing  and  straighten- 
ng  the  main  rivers,  and,  by  conceutrating  the  flow  uf  the  water, 
naintaining  tlie  channels  by  scour  to  tlieir  outfalls.  The  fact 
iiat  it  was  found  necessary  to  lift  the  water  out  of  Vermuyden's 
trains  jjy  wheels  driven  by  wind-power,  and  afterwards  by 
team,  testified  to  the  failure  of  the  system. 

Had   Westerdyke's  advice  been  followed,  the  expenditure  of 
uge  sums  of  money  and  the  waste  of  a  large  area  ol  land  by  ii 
he  making  of  unnecessary  drains  would  havu  been  saved.   Even   ( 
r  tba   con.<)ervation   of    the   main   river   ha*!   not   provided   a 
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sufficiently  low  outfall  for  the  diacharge  of  the  water  off 
low  lands  by  gravitation,  it  could  have  been  pumped  dii 
into  the  river,  instead  of  first  having  to  traverae  a  long  len; 
of  unnecessary  drain.  This  fact  has  aince  l>een  realized,  and 
improvement  of  the  outfalls  tardily  carried  out,  showing 
correctness  of  the  principles  of  the  early  engineers  as  to  the 
advantage  of  the  scour  derived  from  a  concentration  of 
water. 

The  fen  country  may  be  considered  the  nursery  of  modern 
river- engineering.  All  tho  early  English  engineers  were  engaged 
in  or  consulted  as  to  the  works  carried  out  for  the  improvement 
of  the  tidal  rivers  as  bearing  on  the  reclamation  of  the  Fen- 
land.  Following  at  a  considerable  interval  after  Vemiuyden, 
the  adventurers  sought  the  advice  and  aasiatance  of  Captab 
Perry,  who  had  successfully  accomplished  the  stopping  of  the 
great  bi-eacli  in  the  banks  of  the  Thames  at  Dagenham,  and 
was  also  extensively  employed  in  carrying  out  navigation  works 
in  Russia. 

After  Perry  came  Nathaniel  Kinderley  who  first  advised 
and  prepared  the  design  for  straightening  the  river  Ouse  by 
tho  Eau  Brink  Cut  above  Lynn,  which  was  afterwards  carried 
out  under  the  direction  of  Rennie,  effecting  a  depression  in 
the  low-water  line  of  the  river  of  not  less  than  8  feet,  an 
enormous  advantage  to  the  drainage  of  a  large  tract  of  low  fen- 
land.  He  also  improved  the  Nene  by  a  new  cut  below  Wisbech. 
Kinderley  was  also  engaged  in  carrying  out  the  new  channel 
of  the  river  Dee  from  CJiester  to  Flint,  and  the  works  pertaining 
to  the  reclamation  of  the  large  area  of  land  which  became  the 
property  of  the  Dee  Reclamation  Company.  Other  names  of 
engineers  engaged  on  the  fen  rivers  were  Elstob,  Grundy, 
Chapman,  Langiey  Edwards,  Golborne,  Thomas  Telford,  Smeaton, 
Huddart,  John  Rennie,  and  James  "Walker,  While  some  of 
these  are  forgotten,  the  names  of  others  are  still  familiar,  and 
will  always  be  remembered  by  the  works  which  they  carried 
out  in  other  parts  of  the  country,  and  which  remain  a.s  enduring 
monuments  of  their  skill.  Langiey  Edwards  was  the  engineer 
to  whose  hands  was  committed  the  canying  out  of  the  works 
necessary  for  making  a  new  cut  for  the  river  Witham  above 
Boston,  and  for  the  improvement  of  the  drainage,  and  also 
for  rendering  the  river  navigable.  This  scheme  involved  the 
construction  of  the  stracture  known  as  the  Grand  Sluice,  by 
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of  which  the  tida!  water  is  excluded  from  the  river  at 
a  point  about  eight  mile.^  from  the  estuary.  The  policy  of  thus 
stopping  the  free  run  of  the  tide  was  the  subject  of  much 
controversy  at  the  time,  and  was  condemned  by  Elstob, 
Chapman,  Telford,  and  Rennic,  and  more  recently  by  Sir  John 
Hawkshaw.  Smeaton,  however,  who  was  engaged  in  reporting 
on  the  Witham  about  the  time  when  this  sluice  was  erected, 
appears  to  have  approved  of  the  principle,  and  afterwards 
advised  a  similar  treatment  for  the  Clyde. 

The  name  which  stands  out  moat  prominently  amongst  the 
engineers  engaged  on  the  fen  rivers  is  that  of  John  Rennie. 
The  works  which  he  carried  out  for  the  drainage  of  the 
Lincolnshire  fens,  and  for  Hatfield  Chase  and  the  Isle  of 
Axholm,  and  the  substantial  stone  sluices  and  bridges  which  he 
constructed  at  the  outfall  of  his  drains,  remain  as  enduring 
monuments  of  his  skill.  The  principle  on  which  Rennie  acted 
in  these  works  was  first  to  provide  for  the  high-land  water 
by  cuts  discharging  into  the  river,  and  to  carry  the  low- 
land drainage  water  by  independent  channels.  He  always 
advised  the  maintenance  and  integrity  of  the  trunk  rivers, 
and  designed  his  works  accordingly,  although  in  some  instances 
hifi  advice  was  overruled,  and  he  had  to  submit  to  the  wishes 
of  his  employei-s.  These  works  of  fen  drainage  were  sufficient 
to  Iiave  formed  the  reputation  of  any  engineer,  but  were  only  a 
very  small  part  of  the  work  of  Rennie.  There  is  hardly  a  tidal 
river  or  harbour  in  the  kingdom  whose  records  do  not  contain 
reports  made  by  him,  and  in  most  of  which  will  be  found 
bt«akwater3,  piers,  docks,  or  works  of  river  improvement  which 
were  c-arried  out  by  him. 

Inland  Navigation. — In  the  early  days  of  the  history  of  the 
navigation  of  this  country  ships  were  principally  engaged  in 
the  commerce  existing  between  England  and  Flanders,  Nor- 
mandy, and  the  country  along  the  Rhine.  The  nearest  and 
most  convenient  port  for  these  vessels  was  the  estuary  of 
tke  Wash  on  the  East  coast,  and,  apart  from  London,  the 
two  Wash  ports,  Boston  and  Lynn,  had  a  larger  amount  of 
ahipping  than  any  other  places.  The  merchandise  brought 
to  these  ports  was  carried  fur  a  considerable  distance  into 
the  interior  by  means  of  the  Ouse,  the  Witham,  and  the  other 
fen  rivers. 

Down  to  the  middle  of  the  last  century  the  foreign  trade  and 
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commerce  of  this  country  was  comparatively  insignificant.  This 
was  in  a  great  measure  due  to  the  want  of  means  of  interior 
communication.  While  France,  Holland,  Russia,  and  Italy  had 
been  developing  their  inland  waterways,  and  thus  opening  up 
means  of  communication,  in  this  country  merchandise  brought 
from  abroad  had  to  be  conveyed  into  the  interior  of  the  counUy 
by  pack-horses.  Although  provided  with  good  natural  harboun 
on  the  coast,  and  with  tidal  rivers  running  up  into  the  country, 
scarcely  anything  had  been  done  up  to  the  seventeenth  century 
to  take  advantage  of  these  natural  waterways  and  to  extend 
kxigation  inland,  either  by  improving  the  rivers  or  by  means 
of  canals.  In  a  work  entitled,  "  England's  Improvement  by  Sea 
and  Land,"  published  in  1G77,  one  Andrew  Yarranton  called 
attention  to  what  had  been  done  by  the  Dutch  to  facilitate 
navigation,  and  urged  that  England  should  follow  their  example. 
He  contended  that  England  possessed  great  natural  advanta^ 
in  having  large  rivers  well  situated  for  trade,  with  plenty  of 
material,  such  as  wood,  iron,  coal,  tin,  lead,  wool,  and  other 
products  to  trade  with,  but  that  these  could  not  be  used  to 
advantage  without  means  of  transport.  He  proposed  that  the 
upper  part  of  the  Thames  should  be  improved  and  connected 
with  the  Severn  and  the  Avon.  When  this  was  done,  material 
could  be  transported  from  Bristol,  Staflfordshire,  Cheshire,  and 
Wales,  to  London. 

The  opening  up  of  trade  with  India,  after  the  establishment 
of  the  East  India  Company,  led  to  a  considerable  increase,  not 
only  in  the  number,  but  size,  of  the  ships  employed,  which 
received  a  still  further  development  as  the  colonies  established 
in  America  grew  in  number  and  importance. 

There  can,  however,  be  no  question  that  England  could  never 
have  attained  the  pre-eminence  she  now  holds  as  a  trading 
country  but  for  the  facilities  afforded  for  the  transport  of 
merchandise  by  the  system  of  water-carriage  due  to  the 
construction  of  canals.  The  opening  of  the  Bridgwater  Canals 
about  17G1  not  only  reduced  the  cost  of  the  conveyance  of 
minerals  and  merchandise  to  one-fourth  what  it  had  previously 
been,  but  also  provided  a  means  of  transporting  them  in  large 
quantities.  The  greatly  increased  number  of  ships  required  to 
accommodate  the  traflSc  brought  to  Liverpool  by  the  new  canals 
raised  it  to  a  first-class  port.  Following  on  the  opening  of  these 
canals,  the  tonnage  of  English  ships  increased  threefold.    As 
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Liverpool  and  Manchestei*  owe  their  rise  to  the  Duke  of 
Bridgwater's  c&nals,  so  Leeds  may  aacribe  its  prosjwrity  to 
ttie  Aire  and  Calder  system,  Birmingham  would  never  have 
developed  its  hardware  trade  but  for  canals  connecting  it  with 
Uverpool  and  the  seaports.  The  potteries  and  the  salt  dis- 
tricts were  developetl  by  the  Grand  Junction  Canal  an<l  the 
canalized  river  Weaver.  London  could  not  have  retained  its 
portion  as  the  chief  port  of  the  kingdoni  but  for  the  canals 
which  distributed  the  produce  brought  from  foreign  ports,  and 
conveyed  the  goods  exported  from  the  interior  by  the  system 
which  placed  its  river  and  docks  in  communication  with  all 
parts  of  the  country. 

James  Brindley,  to  whose  great  perseverance,  genius,  and 
skill  was  due  the  carrying  out  of  the  system  of  canals  for  con- 
necting the  Duke  of  Bridgwater's  collieries  with  Manchester 
sad  also  with  Liverpool,  and  the  subsequent  canal  system  which 
ided  all  over  the  country,  was  a  self-taught  engineer,  anti 
irough  example  of  the  type  of  what  all  our  gi'eat  engineers 
been.     Having  a  true  mechanical  genius  and  a  capacity 

adapting  the  resources  at  his  command  to  the  results  he 
&ad  to  aceompliah ;  not  relying  on  what  had  been  done  before, 
bot  originating  new  plans  of  his  own ;  thoroughl}'  self-reliant, 
honest,  and  hard-working,  with  a  dogged  determination  never 
to  be  beaten ; — he  succeeded  in  carrying  out  hi.s  schemes  in  spite 
of  ail  obstacles,  and  in  his  works  left  behind  him  examples  of 
bridges,  locks,  aqueducts,  and  tunnels  which  have  been  taken 
as  models  by  subsequent  engineers,  and  many  of  which  woi-ks 
still  remain  as  enduring  monuments  to  Brindley'a  skill  as  an 
hydraulic  engineer. 

Forei^  Engineering. — Although  after  Brindley 's  time  we  no 
longer  looked  to  Holland  for  assistance  in  our  hydraulic  works, 
yet  the  Dutch  still  retained  their  reputation  for  the  grand  en- 
gineering works  which  have  been  carried  out  for  the  improvement 
of  her  w&tenvays.  Holland  itself  is  a  standing  example  of  the 
power  of  rivers  to  transport  material,  the  whole  of  the  country 
consisting  of  alluvial  matter  brought  from  other  parts  of  Europe 
hy  the  Khine,  the  Maas,  and  the  Scheldt,  and  deposited  at  their 
oatfolls  on  the  coast  of  the  North  Sea ;  and  of  the  enterprise  of 
the  people  and  the  skill  of  the  engineer  in  wresting  from  the 
sea  the  moat  valuable  tract  of  fertile  land  in  Europe,  The 
;e  works,  for  their  extent,  are  unparalleled  in  any  other 
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paxt  of  the  world,  the  principal  main  drains  consisting  of  lai^ 
canals  which  afford  communication  throughout  the  country,  and, 
by  means  of  the  large  rivers  which  intersect  Holland,  over  a 
large  part  of  Europe.    The  enterprise  which  first  prompted  the 
inhabitants  of  these  low  countries  to  embank  and  reclaim  them, 
and  to  carry  out  extensive  works  of  hydraulic  engineering,  has 
continued  up  to  the  present  time.   The  land  lying  below  the  level 
of  high  water  at  sea  was  formerly  drained  by  innumerable  wind- 
mills, which,  with  the  aid  of  large  wooden  scoop  wheels,  lifted  the 
water  out  of  the  polders  into  the  sea.    The  Dutch  were  amongst 
the  first  to  apply  steam-power  to  this  purpose.    For  the  drainage 
of  Lake  Haarlem,  covering  about  42,000  acres,  and  involving 
the  construction  of  over  a  hundred  miles  of  canals  and  main 
drains,  about  fifty  years  ago  three  sets  of  large  steam  pumping- 
engines,  placed  at  different  parts  of  the  lake,  were  employed, 
being  the  largest  pumping-engines  constructed  up  to  that  time. 
These  were  designed  and  erected  by  Messrs.  Gibbs  and  Deane  of 
Cornwall,   and   each   consisted  of  eleven  pumps  63  inches  in 
diameter  placed  concentricaUy,  and  worked  by  a  beam  engine 
actuated  from  a  steam-cylinder  12  feet  in  diameter,  and  together 
capable  of  lifting  660  tons  of  water  a  minute  16^  feet  high. 
The  reclamation  of  this  polder  cost  £781,500.* 

At  the  beginning  of  the  present  century,  in  order  to  facilitate 
the  navigation  to  Amsterdam,  a  ship  canal  was  constructed  fi^m 
the  North  Sea  to  that  port.  The  North  HoUand  Canal,  which 
has  been  described  as  "the  greatest  work  of  its  kind  in 
Holland,  and  probably  in  the  world,"  was  commenced  in  1819 
and  completed  in  1825.  It  is  50 J  miles  long,  is  30  feet  wide 
at  the  bottom,  and  has  a  depth  of  18^  feet,  and  cost  about  a 
million  of  money. 

This  canal  has  since  been  practically  superseded  by  the 
Amsterdam  Ship  Canal,  which  has  shortened  the  distance  36( 
miles.  This  canal,  commenced  in  1865  and  finished  in  1876, 
was  carried  out  under  the  direction  of  Herr  J.  Dircks,  who 
prepared  the  original  designs,  and  of  Sir  John  Hawkshaw,  as 
consulting  engineer.  It  is  15  J  miles  long,  88  feet  wide  at  the 
bottom,  and  has  23  feet  of  water.  It  is  approached  from  the 
North  Sea  through  two  piers  two  miles  in  length,  which  form  an 
outer  harbour  of  250  acres,  and  protects  the  two  entrance  locks, 

*  A  fuU  description  of  this  work  will  be  found  in  **  Tho  Drainage  of  Fens  and 
T^.innds,"  by  W.  H.  Wheeler. 


Bieh  are  respectively  300  feet  long  by  60  feet  wide,  and  227 
feet  by  40  feet.  The  ■works  involved  the  construction  of  several 
inaliaiikments,  including  one  across  the  Zuyder  Zee,  and  the 
«clamation  of  a  large  tract  of  land.  The  total  cost  was  about 
three  millions  of  pounds. 

In  order  to  improve  the  navigation  up  to  Rotterdam,  an 
entirely  new  outfall  has  been  mode  for  one  of  the  piincipal 
rivers  of  the  countiy,  and  its  channel  throughout  regulated  and 
deepened.  The  works  on  the  Maas  were  commenced  in  1863, 
and  completeil  in  1871,  under  the  dii'ection  of  Mr,  P.  Caland, 
the  engineer  who  originally  designed  them.  The  total  cost  of 
these  works  has  been  £2,840,000. 

The  other  most  noticeable  works  in  connection  with  the 
improvement  of  the  rivers  of  Europe  for  the  purposes  of  navi- 
gation were  those  of  the  Seine,  from  the  estuary  to  Rouen,  which 
were  commenced  in  1846,  and  carried  out  from  the  designs  of 
U.  Bouncieau  at  a  cost  of  £1,198,000 ;  the  opening  up  of  the 
Danube  to  the  navigation  of  large  steamers,  by  deepening  and 
improving  tlie  Sulina  branch  and  removing  shoals  and  bends 
in  the  river,  under  the  direction  of  a  European  commission. 
These  works  were  carried  out  from  tlie  jilans  of  Sir  Charles 
Hartley,  and  under  his  direction.  The  cost  of  the  piers  and 
opening  out  the  passage  from  tlie  Black  Sea  to  the  river  was 
accomplished  fur  the  comparatively  email  sum  of  £185,352, 

The  Suez  Canal,  commenced  in  1859  and  opened  in  1869, 
shortt-ned  the  distance  to  India  from  thia  country  by  about  four 
thousand  miles,  or  nearly  hall'.  This  canal,  S7  miles  in  length, 
of  which  one-foin-th  is  through  lakes,  was  made  72  feet  wide  at 
the  bottom,  and  with  26  feet  of  water.  The  escavation  amounted 
to  a  hundred  miUlon  cubic  yards.  It  was  constructed  under 
a  concession  obtained  by  SI.  Ferdinand  de  Lesseps  from  the 
Khedive  of  Egypt,  il.  Lavall^  being  the  engineer  who  carried 
out  the  worka  The  cost  when  opened  was  £16,613,000,  of 
which  only  £1 1,653,218  was  for  works.  This,  however,  does  not 
include  the  value  of  the  forced  labour  supplied  by  the  Egyptian 
Government.  The  construction  of  this  canal  was  not  regarded 
favourably  by  this  country.  It  was  reported  against  by  Mr. 
Robert  Stephenson,  who  was  sent  out  to  investigate  the  pro- 
posed scheme.  Mr.  Stephenson's  experience,  having  been  almost 
uitirely  that  of  a  railway  engineer,  led  him  to  look  unfavourably 
I  proposed  waterway,  and  to  express  the  opinion  that  a 
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BAvigable  waterway  having  a  depth  of  -10  feet  for  a,  dofiDite 
fom,  to  be  paid  him  by  the  Uniteil  States  Governtnent  only  on 
oondition  that  he  succeeded  in  providing  the  full  depth.  After 
very  coosidei-able  opposition,  his  offer  was  finally  accepted.  He 
GommeQced  the  work  in  1875,  and  four  years  afterwards  had 
succeeded  in  nccuinplishing  the  given  depth,  which  has  since 
been  maintained.  His  method  of  operation  was  by  concen- 
trating the  Bconr  of  the  current  in  one  of  the  passes  by  two 
panillel  jetties  of  fascino  work,  and  thus  making  the  water  the 
agent  for  effecting  the  improvement  of  ita  own  course. 

Another  engineering  work   of  considerable   magnitude,  for 

the  improvement  of  the  navigation  up  to  New  York,  was  the 

removal  of  the  rock  shoal  known  as  "  Hell  Gate,"  so  as  to  give 

v^  depth  of  30  feet  at  low  water.     This  was  accomplished   by 

^HHlt  breaking  up  the   rock   by  submarine   blasting,  and   then 

^^■^oving  the   dehrit   by  dredging.      This  work   occupied   ten 

^^^ttftts,  and  cost  altogether  over  a  million  of  money.     The  blast- 

H^  ii^  was  accomplished  by  a  single  explosion,  by  means  of  which 

170,717  cubic  yards  of  stone  were  broken  up.     The  waterway 

to  New  York  was  further  improved  by  forming  a  channel  to  a 

depth  of  30  feet  below  low  water  through  the  mud  and  sand 

of  which  the  estuary  which  lies  between  the  Atlantic  and  Long 

Island  is  composed,  by  dredging  only,  and  without  any  training 

works,  at  a  cost  of  £258,550. 

Navigatioa. — The  small  size  of  the  vessels  in  which  all  the 

foreign  trade  of  this  country  waa  formerly  carried  necessitated 

vety  little  improvement  in  the  tidal  rivers,  or  accommodation  in 

tile  ports  and  hart>ours  beyond  that  which  they  naturally  afforded. 

When  the  foreign  trade  of  this  country  first  began  to  assume 

importance,  the  vessels  were  scarcely  as  large  a.H  the  fishing- 

amacks  of  the  present  day.     The  craft  which  then  crossed  the 

seafi  were  often  not  more  than  twenty  or  forty  tons  in  size,  and 

ia  the^e  .sniali  vessels  voyages  were  made  across  the  Atlantic  and 

round  Cape  Horn  and  into  the  Pacific.     The  vessel  in  which  W. 

Baffin  sailed  from  Gravesend  for  the  discovery  of  the  North- West 

passage  in  1616  was  only  fifty-five  tons,  and  in  this  he  reached 

to  latitude  77"45°,  a  height  whicli  was  not  surpassed  for  the  next 

HbiSfi  years.     As  trade  developed,  the  size  of  the  vessels  increased, 

^HH|  ao  long  as  wood  only  was  used,  the  size  of  the  timber  neces- 

^^^Bjr  for  the  framing  practically  prevented  the  increase  beyond 

^^^Bprtain  limit.     It  was  only  after  iron,  and  subseijuently  steel, 
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waa  used  for  tbe  building  of  ships  that  the  sizeti  now  in  use 
could  be  attained.  In  the  early  part  of  the  present  century,  the 
introduction  of  steam  as  a  propelling  power  for  ships  gave  tin 
enormous  impetus  to  navigation  and  foreign  trade,  and  this, 
coupled  with  the  use  of  iran,  gave  this  country  the  predominance 
over  all  others  as  the  ocean  carriers  of  the  world. 

Steam,  as  applied  to  the  propulsion  of  vessels,  was  first 
practically  brought  into  use  in  1788  by  a  Scotch  engineer, 
W,  Symington,  assisted  by  Heniy  Bell,  the  funds  being  found 
by  Patrick  Miller.  The  steam-vessel  then  built  ran  on  the 
Forth  and  Clyde  Canal,  and  attained  a  speed  of  five  miles  an 
hour.  The  Charlotte  Dundiis,  constructed  in  ISOl,  was  used 
on  this  canal  for  many  years  as  a  tug-hoat.  In  1807  Fulton 
introduced  steam-propulsion  into  America,  the  engines  for  the 
boat  having  been  made  in  this  country  by  Boulton  and  Watt. 
The  first  seagoing  steamer  was  employed  in  1815,  in  making 
the  voyt^e  between  Glasgow  and  London.  The  design  of  tbe 
engines  used  for  steam-propulsion  was  gradually  improved  and 
altered,  so  as  to  adapt  them  better  for  marine  work,  by  H.  BeU 
and  David  Napier. 

In  1825,  the  merchants  of  Calcutta  offered  a  preuiiuiu  of  & 
lac  of  rupees  for  the  first  voyage  out  and  home  made  by  a  vessel 
in  seventy  days  each  way.  The  Enterprise,  of  470  tons,  with 
engines  of  120  H.P.,  made  Viy  Maudcsley,  attempted  the  voyage, 
and,  although  not  successful,  the  venture  was  sufficient  to  show 
that  it  was  ijuite  practicable  to  propel  ships  by  steam  over  long 
distances. 

The  use  of  the  screw  in  place  of  paddles  for  propelling  ships 
was  brought  into  practical  use  through  the  instrumentality  of 
J,  P.  Smith  in  1836,  and,  after  undergoing  improvements  in  design 
at  the  hands  of  Geoi^e  Rennie,  became  generally  adopted. 

The  first  iron  ship  was  registered  at  Lloyd's  in  1837.  The 
same  year  marked  the  commencement  of  the  service  established 
by  the  Peninsular  and  Oriental  Steam  Navigation  Company- 
All  the  earlier  vessels  of  this  company  were  wooden  paddle- 
steamers. 

In  1832  the  Cunard  Company  was  formed,  with  a  capital 
of  £100,000,  for  the  purpose  of  running  passenger-stetunere 
from  this  country  to  America.  The  first  vessel  built  for  the 
service  was  the  British  Queen,  of  2400  tons,  which  left  London 
for  New  York  in  1839.     The  Sirius,  of  700  tons,  had  crossed 


in  the  previous  year  in  eighteen  days.  In  1838  a  wooden  paddle- 
steamer,  the  Great  Western,  of  1340  tons  and  750  I.H.P.,  sailed 
from  Bristol,  and  reached  New  York  in  fifteen  daya.  The  Orent 
BrUain,  an  iron  screw-steamer,  was  added  to  the  fioet  a  few 
years  after.  The  size  and  speed  of  the  vessels  have  since  con- 
tinually increased.  The  Camptmia  and  Lucania,  two  of  the 
latest  additions,  being  each  12,0-')0  tons,  and  having  an  indicated 
horse-power  of  30,000,  have  performed  the  journey  in  a  little 
over  five  days. 

Harbours  and  Socka, — It  is  evident  that,  with  such  a  change 
in  the  conditions  of  the  shipping  of  this  country,  it  became 
necessary  that  the  tidal  rivers  and  harbours  should  be  altered 
and  improved  to  meet  the  growing  requirements  of  the  naviga- 
tion. In  the  early  part  of  the  present  century,  Smeaton,  Telford, 
Rennie,  Walker,  Rendel,  and  others  of  less  note,  were  actively 
employed  in  erecting  lighthouses,  deepening  rivers,  building 
docks,  and  improving  the  harbours  of  the  country. 

The  first  wet  dock  on  the  Thames  was  the  Great  Rowland 
Dock,  built  in  16G0.  This  has  since  been  absorbed  into  the 
system  known  a.s  the  Commereial  Docks.  The  Old  Dock,  four 
aci-es  in  extent,  was  built  in  Liverpool  in  1709.  In  1S02-3. 
the  East  and  West  India  Docks  on  the  Thames  were  opened. 
The  companies  who  built  these  docks  obtained  a  clause  in  their 
Acta  making  it  compulsory  for  all  ships  coming  up  the  Thames 
with  produce  from  the  East  or  West  Indies  to  discharge  their 
cargoes  in  them  for  a  period  of  twenty-one  years. 

The  earliest  attempt  to  improve  the  tidal  rivers  In  this 
coimtiy  for  the  purposes  of  navigation  may  be  said  to  have 
been  made  in  the  Clyde  in  1.^6G,  when  a  commencement  was 
made  by  opening  out  a  sandbank  at  Dumbuck.  It  was  not, 
however,  until  after  the  middle  of  the  eighteenth  century  that 
powers  were  obtained,  and  works  commenced,  under  the  direc- 
tion of  Golbome,  for  improving  the  river  from  Glasgow  to  the 
sea,  and  which,  since  continued,  have  resulted  in  converting  a 
small  iidfti  river  into  one  of  the  chief  waterways  of  the 
tingJom- 

The  Tyne,  from  which  even  as  far  back  as  the  fourteenth 
century  there  is  a  record  of  the  export  of  coal,  had  nothing 
done  for  its  improvement  till  the  first  quarter  of  the  present 
eeuluiy,  and  even  up  till  1850,  when  the  Tyne  Conservancy 
Act  was  passed,  the  works  which   had  l>een  carried  out  only 
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enabled  vessels  of  loj  feet  to  reach  Newcastle.  The  piers, 
which  have  made  the  river  below  Shields  into  a  magoifioent 
harbour  of  refuge,  were  commenced  in  1854  from  designs  of 
Mr.  James  Walker,  and  have  cost  the  Tyne  Conservancy  three- 
quarters  of  a  million  of  money. 

The  first  works  for  the  improvement  of  the  Tees  were  com- 
menced in  IbOS.  The  works  between  Middleshoroujrh  and  the 
sea,  which  have  converted  the  Tees  into  an  important  navigaUe 
river,  were  commenced  soon  after  the  formation  of  the  present 
commission  in  1S52.  It  is  unnecessary  to  refer  at  any  further 
length  to  other  works  of  river  improvement. 

The  newest  departure  of  hydraulic  engineering  is  the  watei> 
way  for  connecting  Manchester  with  the  sea,  designed  by  and 
carried  out  under  the  direction  of  Mr.  Leader  "Williams.  The 
Manchester  Sliip  Canal  may  be  regarded  as  the  greatest  work 
of  the  kind  which  has  yet  been  accomplished,  not  so  much  on 
account  of  the  amount  of  money  which  it  has  cost,  as  from  the 
amount  of  opposition  through  which  it  had  to  struggle  into 
existence,  and  the  engineering  difficulties  which  have  had  to 
be  overcome.  The  canal  is  35 J  miles  long;  the  width  at  tlie 
bottom,  120  feet ;  and  depth  of  water,  20  feet  The  lower  fifteen 
miles  is  semi-tidal.  The  docks  at  Manchester  and  SalfoM  cover 
104  acres,  with  five  miles  of  quays.  The  level  of  water  in  theee 
docks  is  71^  feet  above  that  in  the  Mersey  at  Eastham.  This 
difference  is  overcome  by  five  sets  of  locks  of  sufficient  size  to 
take  the  largest  merchant  vessel  adoat.  At  the  entrance  from 
the  Mersey  at  Eastham  tliere  arc  three  locks,  in  size  respectivelj 
GOO  feet  by  80  feet,  3-50  feet  by  50  I'eet,  and  150  feet  by  30  feet. 
The  other  four  locks  at  Latchford,  Irlam,  Barton,  and  Modewbeel 
are  600  feet  by  65  feet.  Tho  canal  is  crossed  by  several  lines  oE 
railway,  which  have  had  to  be  diverted  and  their  level  raisel 
so  as  to  give  a  clear  headway  of  75  feet  under  the  bridges.  Th< 
canal  is  also  crossed  by  a  large  number  of  swing  bridges,  somj 
of  which,  for  carrying  the  railways  across,  are  very  massiffl 
weighing  upwards  of  700  tons,  and  having  a  clear  span  for 
arm  of  140  feet.  In  addition  to  a  large  number  of  roads  whid 
had  to  be  carried  acioss  the  waterway,  provision  liad  also  to  Im 
made  for  carrying  the  Bridgwater  Canal  over  on  the  ake' 
and  this  has  lieen  done  by  means  of  a  swing  aqueduct ;  arrangS' 
nienti  are  also  made  at  the  crossing  for  raising  and  lowerin) 
boats  to  and  from  the  Ship  Canal  to  the  Bridgwater  Canal  \fi 
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means  of  au  LydrauHc  lift.  The  excavation  required  for  the 
canal  amounted  to  over  one  hundred  and  fifty  million  cubic 
JTBrds,  of  which  ten  million  was  in  sandstone  rock.  The  work 
on  the  canal  was  comntenced  in  1887,  and  it  ia  expected  to  be 
emnpleted  in  l^fll.  The  cost  of  the  land  and  works  is  estimated 
to  amount  to  ten  millions,  in  addition  to  which  about  one  million 
will  be  absorbed  in  interest  on  capital,  cost  of  engineering  and 
management  during  construction,  and  expenses  in  obtaining 
the  Parliamentary  powei-s — which  have  amounted  to  about 
fl50.00(>— and  one  and  three-quarter  million  paid  for  the 
Bridgwater  Canal,  making  a  total  capital  of  thirteen  millions. 

Diving  Machinery. — The  improvement  of  harbours  and  tidal 
rivers  has  received  great  aid  by  the  assistance  given,  in  carrying 
out  the  foundation  of  piers  and  other  submarine  works,  by  the 
invention  of  the  diving-bell  and  diving-dress.  Several  attempts 
were  made  from  the  earliest  times  to  invent  a  machine  to  assist 
divers  in  remaining  under  water,  but  the  tii-st  leally  practical 
diving-bell  was  that  of  Edmund  Halley,  the  secretaiy  of  the 
Boyal  Society,  and  which  is  described  in  the  PhiloHOphical 
TranaactiottD  of  1717.  Improvements  were  subsequently  made 
on  this  machine,  and  it  was  finally  brought  to  a  ^reat  state  of 
perfection  by  Smeaton,  who  used  a  cast-iron  diving-bell  for 
laying  the  foundation  of  the  walls  of  Ramsgate  harbour  in 
1791.  Diving-dresses  came  generally  into  use  at  the  beginning 
of  tie  present  century,  and  divers  were  made  great  use  of  by 
John  Rennie  and  James  Walker.  The  present  form  of  dress 
owea  its  efficiency  to  improvements  made  by  Heinke  and 
A.  Siebe,  the  one  having  improved  the  helmet,  and  the  other 
the  dress,  about  1829  to  1837.  It  is  unneces.^ry  to  enlarge 
un  the  value  of  this  invention,  and  of  the  great  aid  it  is  to  the 
eonstmction  of  submarine  works,  in  recovering  property  from 
wrecks,  and  in  raising  sunken  vessels.  It  is  sufficient  to  say 
that  by  the  aid  of  the  diving-dress  a  man  can  descend  to  a 
depth  of  over  thirty  fathoms,  and  be  able  to  remain  below  at 
this  depth  for  more  than  half  an  hour,  and  at  less  depths  for  a 
ooDsiderably  longer  period.  ■ 

Lighthoosea. — The  erection  of  beacon  lights  on  dangerous 
parts  of  the  coast  has  been  in  practice  from  the  earliest  times. 
80  far  back  as  three  hundred  years  before  the  Christian  era 
there  is  a  record  of  a  "  Pharos,"  or  beacon  tower,  erected  for  the 
benefit  of  Bailors  at  Alexandria,  and  dedicated  to  "the  Qods, 
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the  sft^-iours  of  marmersi.^  Tbe  euliest  reeord  of  Diodem  light- 
hoases  is  that  of  Coi>3oi2ul  at  the  mouth  of  the  Gaioiine,  which 
was  built  of  Ktone  197  feet  high,  on  tbe  top  of  which  was  burnt 
a  wood  fire. 

As  shipping  increased  in  importance  in  this  eonntiy  during 
the  sixteenth  and  seventeenth  eentories,  the  need  for  lighthouses 
and  beacons  became  a  matter  of  urgent  importance.  The 
erection  of  lights  at  prominent  place>  on  the  coast,  and  at  the 
entrance  to  harlx^urs.  was  anginaUv  undertaken  by  private 
persons  under  charters  granted  by  the  Crown.  In  1536  Henry 
Till,  granted  one  of  these  charters  to  a  sodety  of  merchants 
interested  in  the  shipping  of  the  Tyne,  for  the  purpose  of 
erecting  two  light-towexs  at  Shield*^  and  Tynemouth.  In  1680 
a  charter  of  a  similar  character  was  granted  to  the  Trinity 
House  of  Deptford  Sirond,  giving  jK)wer  to  buoy  and  beacon 
the  Thames  and  collect  dues  fnsm  vessels,  these  powers  being 
subsequently  extended  to  the  whole  of  the  coast  of  England; 
and  Lighthouse  Boanls  fi>r  Scotland  and  Ireland  were  also 
established. 

The  first  lighthouse  erected  on  the  Eddystone  rocks^  situated 
about  fourteen  miles  seawaixl  of  Phinouth,  was  constructed  of 
timber  by  Henn-  Wx-nstanlev  between  the  years  1696  and  1700. 
Three  years  later  it  was  destroyed  during  a  storm,  its  engineer 
perishing  with  it.  A  second  lighthouse,  also  built  of  wood, 
92  feet  high,  was  erected  by  Ji»hn  Rudyard  during  the  years 
1706-8,  and  continued  to  show  itc>  light  for  forty-seven  3"ears, 
when  it  was  destroyeii  by  fire.  The  lights  in  the  lantern  of 
these  houses  was  supplied  from  candles.  The  difficulty  of  con- 
struction on  this  rock  is  considerably  enhanced  by  the  fact  that 
it  was  coyered  with  water  at  everj'  high  tide,  and,  owing  to  the 
heavy  seas,  the  work  could  only  be  carried  on  in  summer. 
Rudyard's  lighthouse  was  replaced  by  the  stone  lighthouse 
erected  by  Smeaton  in  1756-59,  which,  considering  the  novelty 
of  the  work,  the  difficulties  of  construction,  and  the  appliances 
at  coiniuand,  ma}'  be  considered  as  being  one  of  the  most  skilful 
engineerin;^  works  ever  completed.  This  lighthouse,  which 
cost  £40,000,  withstood  the  storms  of  122  yeai"s,  when  it  was 
r<pla(;od,  not  from  any  defect  or  fault  of  its  own,  but  on  account 
of  ili<!  w<.*aring  away  of  the  rock  on  which  it  was  erected.  The 
pn.sijiit  structure,  which  is  170  feet  high,  was  erected  for^the 
Trinity  House  hj'  Sir  James  Douglas,  at  a  cost  of  £01,500, 
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Amongst  the  other  principal  lighthouses  which  have  been 
erected  on  the  coast  of  this  country  are  the  Bell  Rock  in  the 
Firth  of  Forth,  by  R.  Stevenson,  in  1807-11,  at  a  cost  of  £61,331; 
the  Skerry  Vore,  by  Alan  Stevenson,  in  1838-4+,  at  a  cost  of 
£90,218;  and  the  Wolf  Rock  at  the  Land's  End,  by  James 
Walker,  in  1862-09,  at  a  cost  of  £62,720. 

In  the  earliest  beacons  the  lights  were  supplied  bj-  wood  or 
coal  fires  burning  on  the  top  of  towel's.  Subsequently  the  open 
fire  was  superseded  by  a  lantern  lighted  by  candles.  For  more 
than  forty  years  after  the  erection  of  Smoaton's  Eddystone 
tower  it  was  lighted  by  tallow  candles  placed  in  hoops,  and  up 
to  l8ll,  twenty-four  wax  candles  were  used.  Even  up  to  1816, 
the  Lizard  Light  and  that  on  the  Isle  of  May  in  the  Firth  of 
were  maintained  by  coal  fires,  Lamps  with  mirrors  were 
for  beacon  lights  at  the  entrance  to  the  Mersey  at  the  end 
last  century,  and  in  1783  oil-lamps  with  Argand  burners 
lectors  were  introduced  into  the  Cordouan  Lighthouse. 
^t  advantage  of  such  a  light  became  so  obvious  that  it 
after  adopted  by  the  Trinity  House  in  this  country. 
itoptric  system,  or  the  reflecting  of  the  light  from  a  bright 
of  such  a  form  a.s  to  cause  all  the  rays  to  proceed  in  one 
m,  was  followed  up  by  the  dioptric  system,  by  which  the 
made  to  pass  through  lenses,  by  which  they  are  refracted 
desired  direction.  The  difficulty  in  obtaining  glass  of 
required  of  sufficiently  pure  quality,  and  in  grinding  it 
Feet  figure,  for  a  long  time  delayed  the  adoption  of  this 
These  difficulties  were  finally  overcome  by  Fresnel,  and 
ic  lens  was  fitted  in  the  Cordouan  Lighthouse  in  1822, 
ttruction  of  these  lenses  has  since  been  carried  to  a 
of  great  perfection  by  Messrs,  Chance  of  Birmingham, 
In  2833,  on  the  recommendation  of  Mr.  Alan  Stevenson,  the 
dioptric  system  was  used  for  the  northern  lighthouses,  and 
afterwards  by  the  Trinity  House,  the  fii-st  light  on  this  system 
behiga  revolving  light  fixed  at  Start  Point. 

Tile  lamps  used  also  have  gnwiually  undergone  improvement. 
The  oil  first  used  was  sperm ;  this  was  succeeded  by  colza,  and 
finally  by  mineral  oil.  The  power  of  the  light  has  been  increased 
by  natng  a  namber  of  concentric  wicks  on  a  system  perfected  by 
Sir  James  Douglas,  so  that  oil-lamps  are  now  used  giving  lights 
•qoal  to  live  thousand  candle-power. 

The  di&nge  that  has  taken  place  in  the  amount  of  light  now 
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given  may  be  realized  by  compariog  the  twenty-four  wax 
candles  used  for  illuminating  Smeaton's  Eddystone  Lighthonae 
at  the  beginning  of  this  century  with  the  beam  of  light  now 
sent  forth,  which  is  calculated  as  being  equal  to  160,000  candles. 

Gas  is  also  used  as  an  illuminant.  On  several  of  the  mone 
important  light-stations  the  electric  light  has  been  adopted.  For 
prominent  headlands  and  for  lights  required  to  be  seen  at  great 
distances,  this  surpasses  all  other  means  of  illumination. 

Breakwaters. — As  alreadj'^  pointed  out,  the  progress  of  en- 
gineering science  in  this  country  owes  nothing  to  the  fostering 
care  of  the  governing  power,  the  provision  of  docks  and  harbours, 
the  improvement  in  rivers  and  shipping,  having  all  been  done 
by  local  authorities,  by  companies  of  merchants,  or  by  private 
tradei-s,  without  Government  aid  or  subsidies.  The  only  excep- 
tion to  this,  except  the  dockyards  and  works  required  for  the 
purposes  of  the  Navy,  has  been  the  erection  of  harbours  of 
refuge.  The  first  of  these  was  that  at  Plymouth,  the  break- 
waters for  which  were  designed  and  carried  out  by  John  Rennie 
between  the  years  1812-41.  The  piers  for  this  harbour  are  one 
mile  long,  and  enclose  1120  acrea  They  absorbed  3,620,000  tons 
of  stone,  and  cost  one  and  a  half  million  of  money. 

Portland  Breakwater  was  built  during  the  years  1847-71, 
from  the  designs  of  J.  M.  Rendel,  and  finished  under  the  direc- 
tion of  Sir  John  Coode.  It  consists  of  an  outer  pier  6400  feet 
long,  and  an  inner  one  1700  feet.  It  required  5}  million  tons 
of  stone,  and  cost  £1,034,000,  exclusive  of  the  value  of  the 
convict  labour  which  was  employed  on  it. 

Holyhead  was  constructed  for  the  purposes  of  a  national 
harbour  of  refuge,  and  was  commenced  by  J.  M.  Rendel  in 
1849,  and  finished  under  the  direction  of  Sir  John  Hawkshaw 
in  1873.  The  breakwater  is  7860  feet  long,  and  encloses  400 
acres.  It  required  seven  million  tons  of  stone,  and  cost  £1,285,000. 
The  piers  were  built  in  an  average  depth  of  seven  fathoms. 

The  only  foreign  work  of  this  class  that  can  compare  for 
magnitude  with  those  enumerated  above  is  that  at  Cherbourg. 
This  was  first  commenced  in  1784.  The  masonry  wall  above 
the  level  of  low  water  was  commenced  in  1832,  and  was  finished 
in  1853,  thus  taking  nearly  seventy  yeara  to  completa  The 
piers  have  a  total  length  of  12,180  feet,  and  the  foundations 
were  laid  in  from  six  to  seven  fathoms  of  water.  The  cost  of 
this  structure  was  £2,674,491. 
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Biver  Improyements. — The  works  which  have  been  carried 
out  for  the  improvement  of  the  principal  tidal  rivers  will  be 
found  given  in  detail  in  a  subsequent  chapter,  a  selection  having 
been  made  of  those  that  embrace  the  application  to  practice  of 
the  principles  advocated  by  engineers  of  experience  under  the 
most  varied  conditions. 


CHAPTER  III. 

TMK   WniOS   OF   WATER   IX   RIVERS. 

Af/iMonHii  Mm  How  of  wator  in  all  channels  is  governed  by  the 
tiiifiMt  liiwn,  yt*i,  owin^  to  ninnorous  disturbing  causes,  the  con- 
<ili|i«in(lnii  III'  Mio  |)rohl(>iii  when  applied  to  tidal  rivers  is  of  a 
iMMiM  nmiplnx  tonii  Uiiiii  in  channels  having  smooth  surfaces 
iiimI  inp.iilitr  iliiiM^iiMiouM,  and  in  which  the  inclination  is  regular, 
itiitl  (III*  (liiw  nlwavN  in  tlu'  sanio  direction. 

W'tftt  r  in  It  lion  olustir  tluid,  the  particles  of  which  are  free  to 
hioMi  III  itvniy  (linH'tion. 

Thi*  loiiii  HtiYttm  may  ho  taken  as  representing  a  body  of 
\mUoi  nioxiii);  in  n  dotinod  ohannol.  the  width  being  taken  as  a 
Uws^  m(  \\\\\\\  luii^lo.^  (\»  tho  dii\H*tiou  of  flow. 

A  ri!^^vh  it(  1*4  a  portion  of  this  stream  of  very  small  width, 
i\\\\\  ron-iin|»i  of  an  indotinito  numlvr  of  molecules  or  pariicUi^ 
follow  \\\\.\  x»no  nn\»thot  in  the  s^mo  direction. 

V  ,  ..o'»  N.\\  .:*;.  iH  the  avei'H^*  rate  of  forward  movement 
\\\  a\\  \\u^  pi^\t»x*lo^  of  \Ko  vn\vs.s  s\viivn\  of  the  stream. 

ri\o  «%^       .  >vf  {I  x(\\NAm  IS  the  arwii  v^f  a  plane  taken  at  right 

lUo  >  ;\i  v  w  '  .\>-o  .i>\iv>  is  the  prv^portion  of  rubbing 
A\ui^sN'  \n'  j^uva  \n  0\^'  >\v<\M\  xNt  a  s)rvdii:i.  and  is  thus  defined 
t\\  U^^S^'^v^^^  li  cwvx  >^v5u^r,  V  rtv.UvVvi  to  a  i^ectangular 
^^xv^*\  ^Vi'*^'^*  ^'^  ^^'*'  w^v  A*A>dfc.  Ai^.i  V^vuvc  its  base  equal  to 
ttN.'  UkwUx  \o.\^v,-,n;  V,  A  x;i^.^'>.;  .•>.•.  ;>,-?  t*ir>iT>«  of  this  base  , 
V^\  ^S,^  ^^\v^^  sv;  ^*^o  iwNjA^^V  ^^  .V:  >:  i^rjatl  tv'*  tie  anea  of  the 
v,\N'^^x^  *^>'V  ^^''^  ^'.',><'^i  ^  ',  S:  A  •\wr^a**iiv?  .nT this  TariaUa 
^«^V'N^  ^^\  ^'^v  '*svm  ,Ni^  *^.^  «V  \>iv5»,.  V\\'T^  s^fv-iii.-c:  Se-in^  in  this 
ViM^NvvKv   Av.  NN^.*^  ^N''  *  wv.i^^-v   ;.>v.'  '•v«  •;  v*l  y;f.^-i:  is  cftlied  the 

\.«.J|'V««\    V\  ^V^^'^*^-^      ♦•M.N  « 

1I»W«M^  ^'^^^i^    -    '-^    ^^•'^  ^^^    -*«  :c  gravity. 
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Biver  Improyements. — The  works  which  have  been  carried 
►ut  for  the  improvement  of  the  principal  tidal  rivers  will  be 
ound  given  in  detail  in  a  subsequent  chapter,  a  selection  having 
)een  made  of  those  that  embrace  the  application  to  practice  of 
lie  principles  advocated  by  engineers  of  experience  under  the 
nost  varied  conditions. 
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The  particles  of  mud  do  not  rise  to  tlie  surface  immediately 
the  place  of  disturbance,  but  at  sonie  distance  down  the 
this  distance  vaiyinjj  with  the  depth  of  the  water,    Ezperi 
made  by  Mr.  J.  B.  Francis  in  a  canal  at  Lowell   by  inji 
white-wash  through  a  tube  nearly  at  the  bottom  of  the 
showed  that  the  particles  came  to  the  surface  at  distances  vi 
ing  from  ten  to  thirty  times  tlie  depth.     The  velocity  of 
water  being  3-iO  feet  per  second. 

The  particles  which  come  in  contact  with  the  bottom  and 
sides  of  a  stream,  being  retarded  by  the  effect  of  friction,  tlo  no; 
move  with  the  same  freedom  as  the  others;  and  are  not  only 
retarded  in  their  motion,  but  also  deflected  and  thrown  out  ctf 
their  true  course  by  obstacles  arising  from  the  inequalities  of 
the  surface,  thus  causing  a  further  disturbance. 

In  flowing  water  the  whole  volume  does  not  move  forward 
in  one  mass,  as  is  tlie  case  with  a  solid  body,  but  every  indi- 
vidual particle  is  in  motion.  As  the  volume  moves  forward, 
these  particles  roll  round  one  another  in  orbits  vaiying 
dimensions  according  to  the  section  of  the  stream.  The  diamatec 
of  the  orbit  is  governed  by  the  distance  from  the  surface  of 
water  to  the  bottom  of  the  channel  and  the  distance  betwee 
the  sides.  In  shallow  streams  the  particles  arc  continnall 
circulating  in  a  number  of  small  orbits,  rolling  round  a 
amongst  one  another  in  all  directions,  according  as  they  i 
diverted  by  contact  with  the  sides  and  bottom.  In  deej 
streams  the  orbits  are  larger,  and  the  disturbing  agents  feii 
in  proportion.  Thus  with  the  same  velocity  the  disturbai 
to  the  free  How  of  the  particles  decreases  as  the  depth  a 
width  of  the  stream  increases,  and  the  diameter  of  the  orl; 
consequently  becomes  greater.  In  other  words,  the  further  I 
centre  of  a  stream  is  from  the  retarding  medium,  the  lesa 
the  effect  of  this  disturbing  rotary  motion.  This  is  the  ca 
why  a  deep  stream  has  a  less  eroding  effect  than  a  shallow  c 
and  why  as  the  hydraulic  mean  depth  is  increased  the  veloc 
also  increases. 

Tlie  existence  of  the  deep  pools  which  are  found  in  the  b 
of  rivers,  the  cui-ved  motion  which  a  stream  as.sumes,  and 
power  to  transport  material  of  heavier  specific  gravity  tJ 
itself,  are  due  to  this  upward  and  rotary  action  of  the  parU< 
of  water. 

A  large  volume  of  water  once  in  motion  maintains  its  t1< 
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vtth  a  very  slight  suiface  incliiiatioii.  Thus  on  the  lower 
reaches  of  the  Danube  and  the  Mississippi,  tho  surface  inclina- 
tioQ  averages  only  a  quarter  of  an  ineii  in  a  mile ;  on  the 
Parana,  the  current  is  maintained  with  an  inclination  of  an 
eighth  of  an  inch. 

If,  owing  to  the  action  of  gravity,  water  continued  to  How 
a  river  with  no  resistance,  it  would  be  subject  to  a  constantly 
accelerating  force,  but  as  its  motion  over  any  given  length  U 
uniform,  there  must  be  also  a  retarding  force.  This  retarding 
force  is  due  to  the  friction  of  the  particles  of  the  water  against 
the  sides  and  bottoms,  to  the  adliesion  of  the  particles  of  the 
fluid,  to  variations  in  the  head  and  irregularities  in  the  form 
of  the  channel  causing  disturbance  to  the  motion  and  a  loss 
'.ying  force  from  the  particles  being  reflected  in  currents 
to  the  general  direction  of  motion,  and  to  turbidity  of 

1  measure  of  tlie  moving  force  is  expressed  by  the  differ- 
f  level  over  a  given  length  divided  by  that  length  (S),  and 
>  force  of  gmvity  acting  at  the  end  of  one  second  on  a 
dling  freely,  y  =  32-1908  feet. 
B  accelerating  force  is  therefoi'e  expressed  by  the  term — 

height  t. 

length       •' 

retarding    force    is    caused    principally    by    friction. 

in  fluids  is  independent  of  pressure,  and  is  pi-opor- 

I  the  area  and  roughness  of  the  rubbing  surface,  and  is 

me  at  all  depths.    The  measure  of  the  resistance  of  friction 

her  retarding  causes  is  an  unknown  quantity  only  to  be 

1  by  obseivation,  and  is  expressed  by  a  coefficient  C. 

ce  is  proportional  to  the  square  of  the  velocity  with 

water   is   moving  (V*).     When   the  velocity  is   in- 

le  impulse  of  the   particles  on  any  iiTcgularities  ia 

in  proportion,  and   the   number  of  particles   driven 

e  rough  surface  is  also  increased  at  the  same  rate ;  the 

E  will  therefore  increase  as  the  product  of  the  velocity 

6  velocity  (V). 

lance  is  therefore  directly  proportional  to  the  extent  of 

!  of  the  sides  and  bed  of  the  channel  with  which 

■  comes  in  contact,  and  is  inversely  as   the  volume : 

\  becomes  so  much  less  when  it  has  to  be  shared 
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amongst  a  greater  number  of  particles.    The  measure  of  thii 

area  •  .  rw% 

resistance  is    -  r—\ : — ,  or  the  hydraulic  mean  depth  (Ri 

wetted  contour  ^  x-      \   -^ 

In  a  stream  of  uniform  velocity,  the  accelerating  force  it 
equal  to  the  sum  of  the  retarding  forces.    Accordingly — 

in  which  S  is  the  fall  divided  by  the  length ;  g^  the  effect  ol 
gravity;  R,  the  hydraulic  mean  depth;  V,  the  velocity  of  the  wate 
in  feet  per  second ;  and  C,  a  constant  depending  on  the  roughnea 
of  the  surface  and  determined  by  observation. 

A  decrease  of  friction  causes  an  increase  of  velocity. 

WTien  the  sections  of  a  river  vary,  the  volume  of  watei 
remaining  the  same,  the  mean  velocities  are  inversely  as  the 
areas  of  the  sections. 

The  velocity  varies  nearly  as  the  square  root  of  the  depth. 

Velocity  increases  in  proportion  to  the  square  root  of  the 
surface  inclination,  the  hydraulic  mean  depth  remaining  the 
same.     Four  times  the  fall  will  double  the  velocity. 

The  greater  the  hydraulic  mean  depth,  the  greater  the 
velocity.  The  velocity  is  at  a  maximum  when  the  depth  of  a 
stream  is  half  the  width. 

As  rivers  increase  in  size  the  proportion  of  the  retardating  to 
the  accelerating  force  continually  diminishes,  and  they  therefars 
require  a  less  rate  of  inclination  to  produce  the  same  velocity. 

Where  the  flow  of  water  in  a  channel  is  uniform,  the  same 
quantity  of  water  will  be  discharged  at  the  lower  end  of  any 
given  length  as  enters  at  the  upper  end ;  consequently  the  same: 
(juantity  of  water  must  pass  each  transverse  section  per  second, 
the  velocity  of  the  current  increasing  where  the  area  is  diminished^ 
and  decreasing  where  it  is  enlarged. 

The  velocity  of  a  stream  is  not  uniform  throughout  the  whofe 
section.  The  contact  of  the  particles  with  the  sides  and  bottom 
of  the  channel  retards  the  velocity  of  the  water  immediately 
adjacent,  and  as  the  particles  are  reflected  they  transmit  this 
retardation  to  the  more  distant  particles,  the  particles  neareflt 
the  ruljbing  surface  being  most  affected,  and  each  in  successi(m 
being  less  influenced  and  the  retardation  decreasing  towards  the 
j)art  most  distant  from  the  bottom  and  the  sides,  being  at  a 
maxiinuin  at  the  former  point,  and  a  minimum  at  the  latter, 
point  of  maximum  velocity  is  found  to  be  on  a  vertical  line 


•  -i 
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drawn  throagh  the  deepest  part  of  the  channel  and  a  little  below 

the  surface. 

There  exists  a  point  where  the  velocity  of  the  filanionts  of 

the  water  is  at  a  mean  of  the  whole  depth.     This  point  varies 

with  the  depth  and  other  conditions  of  the  river, 

Dubuat,  us  the  result  of  his  ob8er\-ation3,  gave  the  following 
mle  for  finding  the  mean  from  the  surface  velocity.  If  unity  be 
taken  from  the  square  root  uf  the  surface  velocity  expressed  in 
inebea  per  second,  the  square  of  the  remainder  is  equal  to  the 
▼elodty  at  the  bottom,  and  tho  mean  velocity  is  equal  to  half 
the  vam  of  the  surface  and  bottom  velocities ; 


or  if  s  =  surface  velocity  j 

h  =  bottom       .,  }  In  inches 

m  =  mean 
then  (j  =  (*/«-  If 

s  +  l 


m  = 


s  +  Wa-l^ 


I 


From  a  large  number  of  observations  made  by  Harlacher 
and  Richter  on  the  Elbe,  the  Danube,  and  other  rivers,  the 
mean  velocity  was  found  to  be  85  per  cent,  of  the  surface 
velocity,  and  this  same  result  was  arrived  at  by  Revy  on  the 
Parana  survey.  Rankine  gives  the  mean  velocity  as  75  per  cent, 
of  the  maximum  for  slow  rivers,  and  80  per  cent,  for  rapid 
Htreams  ;  Beardmore  gives  83 ;  Neville,  83  if  taken  in  centre, 
and  91  if  taken  in  several  places.  Downing  gives  a  rule  for 
wide  sti-eams  in  which  the  depth  is  small  compared  with  the 
width,  that  the  mean  velocity  is  very  nearly  proportional  to  the 
square  root  of  the  depth.  Bomeman,  from  obsen'ations  made 
<m  the  Rhine  at  Basle,  found  that  the  ratio  of  tho  mean  and 
surface  velocities  on  one  vertical  ranged  from  07727  to  08525, 
the  average  being  0'8226,  and  that  the  mean  velocity  of  the 
whole  stream  was  0*7305  of  the  greatest  surface  velocity. 

J.  Schlichting,  from  obsei-vations  on  the  Elbe  near  Memel, 
iband  that  the  maximum  velocity  lies  at  the  surface  or  very 
^~  it  (in  some  few  cases  he  found  it  a  short  distance  below) ; 
the  maximum  velocity  is  directly  above  the  bed,  and  the 
at  four-ninths  of  the  depth  above  the  bed.     M,  Fontaine, 
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from  observations  made  on  the  Rhine  at  Basle  in  1820,  foi 
that  where  the  depth  was  not  great  the  maximum  velodty 
at  the  surface,  an<I  the  velocity  decreased  insenaibly  downwai 
the  decrease  becoming  more  rapid  towaivls  the  bottom ;  that 
mean  velocity  was  85  per  cent,  that  of  the  surface,  and 
bottom  56  per  cent. ;  and  that  the  position  of  the  mean  velocity 
was  at  a  distance  of  two-thirds  of  the  whole  depth  from  the  top, 
and  half  the  depth  when  the  bottom  was  very  regular. 

The  obeervations  made  by  Gordon  on  the  Irrawaddy,  in 
depths  of  from  40  feet  to  80  feet,  and  velocities  of  from  5  to  6 
feet  a  second,  showed  the  point  to  be,  in  the  large  majority  of 
instances,  at  one-tenth  of  the  depth,  varying,  however,  in  a  few 
exceptional  cases  from  two-tenths  to  four-tenths.  Near  the 
banks  the  point  was  observed  to  be  lower  down.  The  observa- 
tions of  Major  Cunningham  on  the  Ganges  Canal  showed  the 
point  of  maximum  velocity  to  be  below  the  surface.  Ailing 
lowest  towards  the  margins,  and  the  mean  velocity  at  and  near 
the  centre. 

Messrs.  Humphry  a  and  Abbot's  observations  place  tlie 
maximum  velocity  at  a  greater  depth  than  any  other  observera, 
in  some  cases  being  at  half  the  depth,  and  in  others  at  one-fourth. 
The  observations  were  made  with  kegs  attached  by  cords  to 
surface  floats.  Results  obtained  in  this  way  in  depths  of  from 
50  to  over  100  feet  cannot  be  regarded  as  sti-ictly  reliable. 

Generally,  the  mean  velocitj-  may  be  taken  at  85  per  cent  of 
the  maximum,  and  its  position  at  the  centre,  or,  in  deep  rivem 
at  0-45  of  the  depth  measured  from  the  surface. 

The  point  of  maximum  velocity  is  generally  a  little  below 
the  surface  on  the  vertical  line  passing  through  the  deepest  part 
of  the  river,  the  water  on  the  immediate  surface  being  retardeii 
by  the  friction  with  the  atmosphere. 

The  minimiun  velocity  is  at  the  bottom,  and  its  proportion 
to  the  maximum  velocity  will  be  affected  to  a  large  extent  by 
the  quantity  of  sediment  that  is  being  carried,  and  the  depth  of 
the  stream.  Rankine  gives  the  bottom  velocity  as  60  per  cent 
of  the  surface  for  ordinary  rivers,  and  50  per  cent,  for  very  slow 
currents.  Grieve,  in  observations  made  on  the  Oder  and  the 
Warthe,  found  that  at  depths  of  about  10  feet  the  ratio  varied 
from  61  to  55  per  cent,  Revy,  on  the  Parana,  found  that,  for 
depths  of  about  24  feet  the  ratio  was  only  35  per  cent. 
Observations  made  on  the  Rhine  and  the  Meuse  gave  the  ratio 
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t  bottom  to  surface  velocity  as  063  in  depths  of  about  10  feet, 
md  0-57  for  depths  of  about  25  feet. 

Generally,  then,  it  may  be  taken  that  the  bottom  velocity 
irariea  from  about  75  per  cent,  of  the  surface  velocity  for  rivers 
if  depths  of  about  5  feet,  to  50  per  cent,  for  three  times  thia 
depth,  and  (16  per  cent,  for  large  rivers. 

In  these  proportions  for  maximum  velocity  no  account  has 
been  taken  for  the  action  of  the  wind.  Gales  have  a  con- 
siderable influence  in  retarding  or  increasing  the  surface,  and, 
proportionately  the  whole,  velocity.  In  estuaries  a  continuance 
Df  wind  from  one  quarter,  or  heavy  gales,  considerably  hasten  or 
ivtord  the  flow  of  the  tides,  and  cause  them  to  be  abnormally 
raised  or  depressed,  according  to  the  direction  from  which  they 
some.  In  lakes  and  targe  sheets  of  inland  water,  the  wind  haa 
ionsiderable  efiect  in  lowering  the  water  on  the  windward  and 
raising  it  on  the  lee  side.  Where  the  volume  of  the  water  is 
large,  the  eftect  of  the  wind  does  not  extend  to  any  considerable 
Jegree  below  the  surface.  Thus  at  the  outfall  of  the  Rhone  in 
the  Mediterranean  there  exists  a  littoral  current,  caused  by  the 
irind  blowing  from  one  direction.  It  was  i'eund,  however,  that 
it  did  not  extend  to  more  than  about  6i  feet  below  the  surface, 
md  is  not,  therefore,  sufficient  to  prevent  the  deposit  of  the 
nateriale  brought  down  by  the  river.  The  observations  of 
Uessrs.  Humphrys  and  Abbot  on  the  Mississippi  showed  that 
the  effect  of  wind  on  a  river  (exclusive  of  tidal  causes)  does 
not  reach  beyond  mid-depth. 

The  laws  governing  the  flow  of  tidal  water  are  more  compli- 
Eated  than  those  of  rivers  in  which  the  stream  is  always  running 
tn  one  direction.  In  the  former  case  the  direction  of  flow  is 
Dontinnally  being  reversed,  and  salt  water  of  greater  density 
than  fresh  has  to  force  its  way  against  a  current  coming  from 
Uk  opposite  direction.  The  momentum  of  the  ebb  water  has  not 
only  to  be  checked  and  its  surface  inclination  reversed,  but  a 
earrent  established  in  an  opposite  direction  to  that  which  the 
natural  slope  of  the  district  and  the  bed  of  the  river  would 
indicate  as  the  way  water  would  naturally  run.  In  a  paper 
m  tbo  Praeeilhigs  of  the  Institution  of  Civil  Engineers,  Mr. 
Vf.  R.  Browne  produced  the  result  of  observations  taken  by  him 
a  the  river  Avon,  near  Bristol,  to  show  that  until  about  the  end 
if  the  first  quarter  of  the  ebb,  on  a  tide  rising  21  feet  and  a  low- 
iepth  of  5^  feet,  the  water  had  absolutely  no  motion  at 
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tiie  bottom  of  the  channel,  the  surface  velocity  being  3'57  feet 
a  second ;  but  that  after  tliis  the  lower  particles  began  to  more 
in  the  same  direction  as  the  surface  current,  until  they  attained 
a  velocity  of  about  0-7  that  o£  the  surface.  As  the  direction  of 
the  water  in  a  tidal  stream  has  to  be  reversed,  there  is  probably 
a  period  of  longer  or  shorter  duration  of  slack  water,  while 
the  reversing  process  is  iu  operation.  So  far  as  the  surfoce 
is  concerned,  it  is  a  matter  of  common  observation  that 
between  the  time  of  high  water  and  the  commencement  of  the 
ebb  an  interval  of  slack  water  occurs,  a  period  seldom  reaching 
half  an  hoiu* ;  but  it  does  not  seem  to  harmonize  with  the  Uvt, 
governing  the  motion  of  water,  that  so  long  a  period  of  b1 
water  as  Mr.  Browne's  observations  showed  can  exist  in  ti< 
rivers. 

Mr,  Stevenson  found  that  in  Cromarty  Firth  there  was 
under  current  at  ilood-tide  exceeding  that  on  the  surface- 
width  of  the  Firth  b  4500  feet,  and  the  depth  150  feet.  At 
surface  the  velocity  of  the  water  was  at  the  rate  of  I'S 
an  hour ;  at  50  feet  deep  the  velocity  was  4  miles  an  hour, 
the  ebb  the  surface  velocity  was  at  the  rate  of  2'7  miles 
at  50  feet,  4'5  miles.  In  the  river  Dee  at  Aberdeen  observatii 
showed  that,  while  there  was  an  outward  upper  current  of 
water,  there  was  an  inward  current  of  salt  water  at  the  bott 
the  surface  gradually  rising  with  the  influx  of  the  tidal  water. 

The  contour  of  rivei-s  in  their  natural  condition  is  nevi 
found  to  be  regular,  either  horizontally  or  vertically, 
course  of  the  river,  whether  tidal  or  fresh,  consists  of  a  series  of 
carves,  and  a  straight  reach  of  any  length  is  very  esceptional 
The  bed  also  consists  of  a  series  of  pools  and  shallows,  which 
maintain  their  shape  and  position  without  change,  although  the 
conditions  of  the  Howing  water  are  continually  varying,  at  one 
time  running  with  great  depth  and  velocity,  and  carrying  along 
large  quantities  of  solid  material,  and  at  other  times  running 
with  low  velocity  and  at  less  depth.  Temporary  altcratiun* 
may  occasionally  occur,  and  a  river  may  change  its  coursn; 
but  where  the  course  remains  unaltered,  tlio  contour  of  t!i« 
bed  will  be  found  to  remain  materially  unaltered.  Without 
an  investigation  of  the  cause  of  this,  it  would  seem  natural  that 
the  heavy  material  carried  by  the  water  in  suspension  would  be 
deposited  in  the  pools,  and  that  they  would  become  filled  up, 
and  the  bed  raised  throughout,  in  the  same  manner  as  occurs  at 
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the  mouth  of  large  tideless  rivers.  After  the  contour  of  a  river 
has  once  been  cletennined,  an  equilibrium  is  set  up  between  the 
erofiivc  action  of  the  water  and  the  resistance  of  the  material  of 
which  the  bed  ia  composed,  and,  this  equilibrium  being  once 
established,  the  pools  are  maintained  by  the  rotary  action  of  the 
flowing  water. 

It  has  been  already  shown  that  the  particles  of  water  never 
move  forward  in  a  mass,  but  that  t-ach  particle  is  deflected 
from  its  course  by  the  difference  of  level  of  tlie  siu^ace  and  the 
irr^ularities  of  the  bed.  The  tendency  of  the  particles  ia  to 
move  in  a  curved  or  rotary  path,  in  which  the  whole  mass  of 
the  water  participates.  This  rotary  motion,  acting  on  the  sides 
of  the  channel,  tends  to  scour  away  such  portions  of  the  soil  as 
are  not  sufficiently  tenacious  to  resist  the  action,  and  gradually 
s  hollow  is  scooped  out.  This  accomplished,  the  curved  motion 
of  the  particles  is  increased;  the  filaments  of  water  are  driven 
oat  of  the  straight  path  and  reflected  on  to  the  opposite  bank. 


iries  of  curves  is  set  up.  This  motion  is  shown  by  the 
i  in  the  diagrams  (Figs.  3  and  4).  In  a  pool  the  particles  of 
^  being  reflected  vertically,  horizontally,  and  longitudinally, 


Itre  whirled  round  in  every  direction,  setting  up  a  centrifugal 
or  screwing  motion,  but  always  moving  onwards  as  fresh 
particles  of  water  arrive.  This  action  is  increased  by  the 
particles  having  to  descend  over  the  edge  of  the  pool  at  a  .sharp 
angle,  and  then  striking  the  bottom  and  being  reflected  upwards, 
Particles  of  solid  material  in  suspension  in  the  water  are  thus 
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kept  in  coutinual  motion.  As  they  descend  Into  a  pool  they  an 
thrown  upwards  and  rolled  round,  imtil  finally  they  are  caught 
by  the  upper  cun-ent  and  cariied  fonvard. 

In  flowing  water,  in  addition  to  the  static  force  which  at  tlu 
same  depths  presses  against  the  sides  and  bottom  of  the  channel 
equally  in  all  directions,  there  is  also  a  dynamic  force  depending 
on  the  velocity.     If  the  direction  of  a  stream  be  chaDged,  the 
particles  of  water  are  impelled  against  the  side  of  the  channel, 
which  presents  an  obstacle  to  the  original  line  of  direction  by 
this   dynamic   action.      The   force   thus   brought   into   play  is 
absorbed    chiefly    either    in   cutting    and   carrying   away  (he 
material  of  which  the  bank  is  composed,  or,  when  a  state 
equilibrium   has   been   reached    and   tlie    bank    is    sutScient 
tenacious   to   withstand  the  impact,  in  heaping  up  the  wat 
and  creating  a  greater  head.     In  all  curves  there  is,  therafo 
a  radial  dynamic  action  from  the  convex  towards  and  on  to 
concave  side,  causing  currents  in  that  direction,  which  tend 
deepen  the  channel  both  horizontally  and  vertically ;  or  else ' 
increase  the  velocity  and  raise  the  surface  of  the  water  on 
concave  side,  and  to  shoal  and  decrease  it  on  the  convex  i 
(see  Figa  4,  5). 


L 


^Diigmn 


A  channel  which  has  once  attained  a  state  of  equilibrium  is 
prevented  from  being  further  eroded   at   the   curved   portions 
owing  to  the  varying  action  of  the  particles  of  water  a.s  they 
pass  round  the  curve.     When  water  which  is  moving  along  a  J 
straight  channel  comes  to  a  part  that  is  curved,  the  particles  o" 
water  which  are  nearest  to  the  concave  side  are  the  first  to  | 
come  in  contact  with  the  curved  side  of  the  channel,  ajid  i 
thus  the  first  to  be  deflected  from  their  course.     The  partidflKl 
next  to  these,  being  later,  will   collide  with  those  previous 
deflected,  and  a  similar  action  will  take  place  as  each  pai 
series  arrives.     The  consequence  is  that  the  full  force  of  t 
water,  instead  of  acting  directly  on  to  the  hollow  side  of  t 
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bank  and  eroding  it.  will  b«  fjradually  cushioned  by  that  part  of 
the  stream  which  haa  already  impinged  on  it.  Even  in  a  sandy 
estuaiy,  if  a  deep  trough  be  once  scoured  out,  the  reaction  of  the 
tidal  currents  flowing  up  and  down  and  impinging  against  the 
sides  and  bottom  will  create  an  eddying  or  boring  action  which 
maintains  the  trough  at  its  greatest  depth  and  prevents  deposit. 
It  is  due  to  this  action  that  the  deep  pools  are  maintained,  such 
as  the  Sloyne  in  the  Mersey,  Lune  Deeps  in  the  Irish  Sea, 
Lynn  Well  in  the  Wash,  and  the  steep  mounds  ot"  sand  with 
deeps  on  each  side  which  exist  as  bars  at  the  mouths  of  some 
tidal  rivers. 

As  an  instance  of  the  rotary  action  of  water  in  scouring  out 
the  bottom  of  pools,  the  following  incident  may  be  quoted.  An 
old  barge  was  sunk  in  the  Severn  above  the  weir  near  Holt,  in 
10  feet  of  water,  and  remained  there  until  the  first  freshet  came, 
when  it  was  lifted  bodily  on  to  the  top  of  the  weir,  the  depth  of 
water  not  being  sufBcient  to  carry  it  over.  In  this  same  reach 
of  the  river  the  bottom  of  the  channel  above  the  weir  was 
scoured  out  to  a  depth  of  20  feet.  The  same  effect  may  frequently 
be  found  in  canalized  rivers  where  the  freshets  occasionally 
run  with  sufficient  strength,  the  deepest  water  being  found 
immediately  above  the  weir,  owing  to  the  water  being  reflected 
hack  from  it,  causing  a  rotary  and  screwing  action,  which 
erodes  the  bottom. 

In  rivers  where  the  conditions  of  flow  are  altered  owing  to 
land  floods  or  tides,  the  transverse  surface  in  a  straight  reach 
will  be  found  to  be  convex  when  the  volume  is  being  rapidly 
enlarged,  and  concave  when  the  water  in  the  river  is  falling. 
In  the  fonner  case  the  velocity  is  greatest  along  the  axis  of  the 
stream,  where  the  depth  is  greatest  and  the  friction  is  least; 
the  water  then  becomes  heaped  up.  In  a  falling  stream,  from 
the  same  causes,  the  water  passes  out  of  the  channel  most  rapidly 
along  the  deepest  part.  Where  the  flood  or  tidal  water  has 
spread  out  laterally,  it  is  thus  drawn  in  larger  quantities  than 
it  otherwise  would  be  into  the  channel  proper. 
L£llet^  in  his  account  of  the  Ohio,  states  that  in  all  great 
Siets,  when  the  water  is  rising,  the  drift  leaves  the  channel 
I  bends  towards  the  shore ;  when  the  surface  falls,  it  recedes 
1  the  shore  and  seeks  the  thread  of  the  channel.  The  river, 
e  OD  the  rise,  is  higher  at  the  centre  than  at  the  borders.  As 
'  falla  the  effect  is  reversed.    The  boatmen  find  that 
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when  the  river  is  falling,  the  boats  and  rafts  always  keep  to  the 
centre,  and  a  flat  boat  will  keep  its  course  for  a  whole  day  with- 
out the  sweeps  being  once  used;  when,  however,  the  river  ifl 
rising,  the  boats  are  continually  being  drawn  towards  the  banks. 

Baumgarten  found  that  on  the  Garonne,  when  the  water 
was  rising  at  the  rate  of  5  feet  in  twenty-four  hours,  with  a 
maximum  velocity  of  7  feet  per  second,  the  water  in  the 
middle  of  the  river  was  0*4  foot  above  that  on  the  right  bank, 
and  01  foot  above  that  on  the  left,  in  a  channel  600  feet 
wide  and  nearly  straight  When  the  water  was  falling  at 
the  rate  of  8  feet  a  day,  with  a  maximum  velocity  of  7-5  feet 
per  second,  the  surface  was  a  plane,  being  at  the  right  bank  a 
little  less  than  01  foot  above  its  level  on  the  opposite  side  of 
the  river.  From  observations  made  on  the  Rhine  at  Basle,  it 
was  found  that  there  was  a  diflerence  of  lOi  inches  between  one 
side  and  the  other,  and  the  thread  of  the  stream  was  one  mch 
higher  than  the  lower  side. 

M.  Fontaine  found  on  the  Rhine  at  Basle  that  the  transverse 
surface  of  the  water  varied  from  convex  to  concave  or  horizontal 
as  the  river  was  rising,  falling,  or  slack. 

In  tidal  rivers,  as  the  flood-tide  is  poured  into  the  channel 
the  surface  of  the  water  becomes  convex,  and  it  spreads  out 
laterally  as  soon  as  it  rises  above  the  banks.  On  the  ebb  the 
reverse  action  takes  place,  and  the  water  is  drawn  off  the  lateral 
bed  into  the  channel  This  description  of  the  condition  of  the 
water  in  a  tidal  channel  is  confirmed  by  obser\'^ations  made  on 
the  Seine  by  M.  Franzius. 

H.  C.  Ripley,  who  was  engaged  in  the  survey  of  the  Brazos 
river  in  Texas,  found  the  following  results,  arising  fix)m  his 
investigations  of  the  curves  in  that  river : — 

1.  That  the  average  width  of  the  river  was  7^  per  cent  less 
in  bends  than  in  straight  reaches. 

2.  The  average  sectional  area  was  13^  per  cent  greater  in 
bends  than  in  reaches. 

3.  The  aveittge  maximum  depth  was  58  per  cent,  greater  in 
bends  than  in  reaches. 

4.  The  average  hydraulic  radius  was  24.J  per  cent  greater  in 
l^ends  than  in  reaches. 

5.  The  average  ratio  of  the  maximum  depth  to  the  hydraulic 
radius   was   29   per  cent,   greater  in    bends   than   in   straighl 
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6.  The  average  wetted  perimetei-  was  6i  per  cent,  leas  in 
l>enda  than  in  reaches. 

Thus  the  average  width  and  wetted  perimeter  are  slightly 
less,  the  sectional  area  ia  greater,  and  the  maximum  depth  ia 
decidedly  greater,  in  bends  than  in  reaches. 

Velocity  Formnla. — The  relative  value  of  the  accelerating  and 
retarding  forces  was  reduced  to  algebraic  tei-ma  in  a  simple 
^wiPTiJa  given  by  Chezy,  which  for  English  measures  may  be 


V  =  CVRS 


in  -which  V  =  the  mean  velocity,  R  the  hydraulic  mean  depth, 
■ad  8  the  sine  of  tlie  slope ;  C  being  a  constant  determined 
ly  observation. 

For  pipes  or  masonry  culverts,  and  in  a  less  degree  in  open 
wrthen  channels  of  regular  section  required  for  drainage  or 
iirigation,  where  a  certain  fixed  quantity  of  water  has  to  be 
delivered  within  a  definite  time,  a  mctliod  of  computing  the 
velocity  is  essential,  and  for  this  purpose  there  are  formulas  and 
tables  which  give  reliable  results.  For  a  river,  and  especially 
a  lida!  river,  with  all  the  varying  conditions  which  attach  to 
"ocb  a  channel,  a  formula  of  this  character  can  only  give  approxi- 
niate  results. 

The  section  of  the  channel  will  vary  not  only  with  the 
movement  of  the  tide,  but  at  nearly  every  place  where  it  is 
taken,  and  the  velocity  will  be  continually  changing  either  as 
the  section  varies  or  as  the  inclination  of  the  surface  varies  with 
the  range  of  the  tide.  Even  in  a  river  where  the  cunent  runs  in 
^y  one  direction  it  will  be  found  that  the  inclination  of  the 
caries  in  every  reach,  and  that  it  is  exceedingly  difficult 
a  reach  where  the  conditions  are  sufficiently  favourable 
.  results  that  will  afford  figures  to  enable  the  discharge  to 
nputed  by  any  velocity  formula. 

engineer  requires  a  formula   having  as  few  tigures  as 

I.  in  order  that,  tvith  little   trouble,  he   may  ascertain 

mately  what  the  velocity  and  discharge  will  he  with  a 

aectum   and  inclination   of   the  surface,  in   any  channel 

irhicb  he  has  to  deal,  in  the  altered  condition  required 

lis  improvement.    The  qualifying  coefficient  to  be  used  must 

be  det«nmned  by  his  own  judgment,  aided  by  observations  made 

**  wwh  portwma  of  the  rivfer  he  is  dealing  with  as  moat  nearly 
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approach  the  conditions  of  the  new  channel.  The  formulae  mos 
applicable  to  water  flowing  in  earthen  channels  are  given  in  th< 
Appendix.  The  one  containing  fewest  figures  in  working  out 
and  the  most  generally  useful  for  tidal  rivers,  is — 

V=CV2KF 

where  F  =  the  fall  per  mile  in  feet,  and  R  the  hydraulic  mean 
depth  in  feet,  V  being  the  mean  velocity  in  feet  per  second. 
Approximately,  the  constants  may  be  taken  as  follows  :— 

For  small  Btreams  diaoharging  aboat  50  cubic  feet  a  second  0*65 

For  larger  streams  of  from  200  to  800  cubic  feet  a  second  . . .  0*75 

For  tidal  rivers        1000  cubic  feet        ...            ...            ...  0*85 

For    „        „          10,000    „        „           ...            ...            ...  0*95 

For    „        .,       100,000    „       „           ...            ...            ...  1*00 

For    „        „     1,000,000    „        „           ...            ...            ...  1*50 


:.  rivers  during  land  floods  are  charged  with  a  large  quantity 
of  alluvial  matter  wLich  is  carried  away  in  su^ipcnsion,  and  their 
torbid  condition  then  testifies  to  the  work  thut  is  being  done  in 
the  transport  of  material.  This  detritus  ia  tlie  result  of  the  dis- 
integrating effect  of  frosts  and  rains,  which  break  up  and  loosen 
the  soil  sufficiently  to  allow  of  its  being  washed  by  the  rain  into 
the  river.  On  reaching  the  channel  of  the  stream  it  becomes 
Uioroughly  mixed  with  the  water,  and  is  canied  along  in  aus- 
pnision.  When  this  material  reaches  a  tidal  estuary,  it  is 
transported  over  the  sands  and  deposited  near  the  banks  during 
the  time  of  slack  tide,  where,  owing  to  the  shallow  depth,  there 
is  little  or  no  scour,  causing  salt  marshes  to  accrete ;  or  else  it 
is  carried  out  by  the  ebb  current  and  deposited  in  the  sea. 

Flowing  water  freijuently  passes  along  the  bed  over  which 
it  is  flowing  without  exercising  the  erosive  action  due  to  the 
velocity  at  which  it  is  running.  A  very  slight  cause  may  change 
part  of  this  velocity  into  erosive  energy,  A  slight  obstruction 
plftccd  in  the  bed  of  a  sandy  channel  will  cause  erosion,  and  the 
scouring  of  a  pool  where  previously  the  water  had  passed  over 
without  any  eflect.  The  deep  pools  always  to  be  found  at  con- 
cave bends  are  instances  of  the  development  of  this  power. 

At  certain  velocities  water  has  an  eroding  as  well  as  a  ti-ans- 
porting  power.  Under  nonnal  conditions  the  sectional  area  of 
a  river  is  sufficient  to  allow  of  a  velocity  slow  enough  to  prevent 
erosion,  and  the  natural  bed  of  the  river  remains  in  a  state  of 
stability.  If,  however,  the  velocity  is  sufficiently  increased,  or 
any  agency  comes  into  play  that  disturbs  the  material  composing 
the  bed  or  banks,  the  transporting  power  of  the  water  then 
carries  away  the  soil,  and  the  sectional  area  becomes  enlarged- 
la  the  same  way  detritus  brought  down  at  one  time  and  deposited 
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in  a  channel  may  be  transported  away  in  floods  when  the  ve! 
is  sufficient  to  erode  and  stir  it  up.  Thus,  also,  tidal  cui 
may  flow  over  sands  without  disturbing  or  removing  them 
if  these  sands  arc  broken  up  by  wind  or  wave  action,  the 
may  be  transported  by  the  tidal  current  into  the  i-ivere.  Shii 
beaches  are  only  found  where  there  is  a  considerable  ris 
tide  and  suflicient  wave  force  is  generated  to  urode  the  clifla, 

If  a  stream  is  loaded  to  its  full  carrj-ing  capacity,  it  will 
take  a  greater  burden,  but  flows  against  the  banks  and  over  its 
bed  without  eroding  them.  If,  however,  it  is  not  overburdened, 
and  the  velocity  is  sufficient  to  erode,  it  will  pick  up  material 
from  the  soil  over  which  it  passes. 

The  work  performed  by  water  in  transporting  material 
assumes  enormous  proportions  in  some  of  the  larger  rivers.  For 
example,  the  Alississippi  conveys  into  the  Gulf  of  Mexico  every 
yeai'  on  an  average  363  million  tons  of  detritus,  equal  to  a  space 
one  mile  square  and  241  feet  deep.  The  mean  proportion  of  solid 
matter  contained  in  suspension  in  the  water  is  as  1  to  1 500,  the 
maximum  being  1  to  G81.  In  addition  to  this,  the  quantity 
rolled  along  the  bottom  is  estimated  as  equal  to  a  mass  one  mile 
square  and  27  feet  deep,  or  37^  millions  of  tons.  In  the  La  Plata,  ] 
the  suspended  matter  carried  in  suspension  past  Buenos  Aj-res 
every  twenty-four  houra  in  the  ordinary  state  of  the  river  wat 
found  to  be  :J1 2,000  cubic  yards,  equal  to  77,380,000  cubic  yards 
in  a  year.  Observations  made  on  the  Volga  showed  that  in 
fifty  days,  during  a  flood,  the  solid  matter  carried  in  suspension 
amounted  to  1 J  million  cubic  yai-ds.  The  Nile  carries  49^  million 
tons  of  solid  matter  to  the  sea  in  suspension  in  a  year  of  average 
discharge.  The  Hooghly  is  estimated  to  carry  thirty -nine  million 
cubic  yards  of  mud  in  a  single  season.  The  Danube,  on  an  average 
of  years,  is  estimated  to  convey  nearly  sixty -eight  million  tons 
of  solid  matter  into  the  Black  Sea ;  the  quantity  of  matter  in  sus- 
pension varying  from  9iO  to  6  grains  in  a  cubic  foot  taken  from 
the  surface,  the  mean  being  1-56  grains,  or  2h'utt  **f  ^^^  weight  of 
the  water ;  this  quantity  is  carried  when  the  velocity  is  1'86  feet 
per  second.  The  Durance  is  stated  to  transport  seventeen  million 
tons  of  earthy  matter  in  a  year,  When  the  training  walls  of  the 
South  Pass  of  the  Mississippi  were  put  in,  the  scouring  action 
due  to  the  concentration  of  the  current  removed  70,000  cubic 
yards  in  seven  days,  and  7,607,000  cubic  yards  in  four  years. 
In  the  Seine,  after  the  training  walls  were  put  in,  it  M-as  calcu- 
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kted  that  eighty  million  cubic  yards  of  materials  was  removed 
jy  the  tranfljiorting  power  of  the  water.  As  a  further  illustra- 
aon  of  the  power  of  water  to  transport  material,  an  instance 
vhich  came  imder  the  author's  own  observations  may  be  quoted. 
During  the  dry  summer  of  1868,  silt  which  had  accumulated  in 
he  river  Witham  to  the  extent  of  1^  million  tons  was  washed 
)ut  by  the  winter  floods  in  the  course  of  a  few  weeks,  and 
ransported  to  the  estuary  seven  miles  away. 

The  instance  of  Dungeness  Bay,  given  bj-  Captain  Washing- 
en  in  the  Report  of  the  Tidal  Harbour  Commis-sioners,  may  also 
>e  quoted,  where  there  was  an  increase  of  430  acres  of  sand 
kveraging  7  feet  6  inches  deep,  equal  to  seven  million  tons, 
vUch  had  l>een  deposited  in  thirty-Hve  years. 

The  quantity  of  material  carried  in  suspension  varies  very 
nnsiderably.  In  some  rivers  upwards  of  two  per  cent,  in 
weight  of  the  total  volume  of  water  passing  along  the  channel 
x>nsists  of  solid  matter.  In  the  Tees,  when  the  training  works 
were  going  on,  the  quantity  of  material  in  suspension  amounted 
to  nearly  2  lbs,  in  a  cubic  foot,  or  .,'3  of  the  weight  of  the  water, 
[n  the  Durance  and  the  Vistula  the  proportion  in  floods  is  ^^  -, 
ID  the  Garonne  and  the  Rhine  in  Holland,  f  Jo  ;  the  Rhone  in 
Soods  carries  ^J^j ;  the  maximum  ever  observed  being  ^,  with 
a  mean  velocity  of  the  current  of  8  feet  per  second.  With  this 
proportion  the  quantity  of  solid  material  caiTied  in  each  cubic 
foot  of  water  amounts  to  420^  tons  a  day.  In  the  Guadalquiver 
the  quantity  was  found  to  amount  to  four  per  cent.  Much 
attention  has  been  given  to  the  amount  of  silt  that  can  be 
carried  in  suspension  by  the  canals  in  India,  with  the  view  of 
ascertaining  the  maximum  amount  of  fertilizing  matter  that 
can  b©  transported  on  to  the  land  with  a  minimum  of  deposit 
in  the  canal,  the  water  in  which  has  a  velocity  that  shall  not 
erode  the  banks  or  interfere  witli  the  navigation.  On  the 
canals  fed  by  the  Indus  the  matter  carried  in  suspension  in  the 
water  was  found  to  be  ^Jjj  of  the  weight,  one-third  of  which 
was  deposited  in  the  canal,  leaving  -^^  as  the  quantity  trans- 
ported on  to  the  land  at  a  velocity  of  3  feet  per  second;  this 
quantity  is  equal  to  12  tons  for  every  cubic  foot  of  water  in 
twenty-four  hours.  In  the  Nile,  a  velocity  of  2  feet  per  second 
prevents  deposit  when  the  water  is  much  charged  with  slime ; 
when  the  velocity  is  less  than  IS  foot  per  second,  silt  is  de- 
jBJted.     The  quantity  carried  in  suspension  amounts  to  g}j  of 
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the  weight  of  the  water.    From  observations  made  by  the  autliG 
ou  the  river  Welland,  in  Lincolnshire,  when  the  bed  of  the  r 
was  being  mechanically  disturbed,  and  from  samples  taken  I 
miles  below  the  place  of  disturbance,  the  quantity  of  matta 
in    suspension   was   found    to   be  ^.j^    of  the   weight    of  t 
water.     The  rate  of  current  beinj^  3  feet  per  second.     Thia  « 
equal  to  ll'S  tons'  in  twenty-four  hours  in  each  cubic  foot  • 
.  water/ 

Takinff  the  specific  gravity  of  water  a&  1,  the  relative  weigh 
of  coarse  river-sand  is  I'SS;  fine  sand,  1'52;  clay,  1-90;  alluvial 
matter,  from  iy2  to  272.  A  cubic  foot  of  water  weighs  625  Iba,. 
uf  coarse  sand,  117"5  lbs.;  fine  sand,  95  lbs.;  clay,  118"75  Ibaj 
alluvial  matter,  120  to  170  lbs. ;  silt,  103  lbs. 

The  matter  to  be  transported,  being  much  heavier  than  U 
water,  will  pass  from  a  state  of  suspension  to  that  of  dept 
when  the  water  in  which  it  is  contained  ceases  to  be  in  motioK 
A  solid  particle,  being  of  greater  density  than  the  water,  is  o 
tinually  tending  to  sink,  the  time  occupied  being  proportionate 
to  its  size  and  specific  gravity.  The  particles  of  water  i 
ning  streams  liave,  however,  a  considerable  upward  motim, 
which  is  sufficient  to  counteract  the  downward  tendency  of  tte 
solid  particles.  Thus  particles  of  considerable  size  may  remais 
in  suspension  for  long  distances,  while  the  finer  particles  m^ 
be  altogether  prevented  from  sinking.  The  motion  of  water  ii 
running  streams  is  never  uniform,  and  the  relative  position  a 
the  suspended  particles  is  constantly  being  changed.  Tb( 
direction  of  the  particles  is  altered  by  the  vaiying  form  of  t 
bottom  and  sides,  by  impediments  met  with  on  its  course,  ai 
by  the  varying  velocity  of  the  whole  mass  due  to  the  frictioi 
of  the  sides  and  bottom,  and  of  the  individual  particles  of  watei 
Continual  eddies  and  miniature  whirlpools  are  constantly  being 
generated,  by  which  a  rotary  motion  is  given  to  the  watOE 
The  particles  of  matter  in  suspension  are  carried  forward  by  tl 
velocity  of  the  current  and  thrown  upwards  by  the  eddies,  and' 
thus  kept  from  sinking  to  the  bottom.  The  bed  of  a  river  il 
rai'cly  regular,  but  consists  of  a  series  of  pools  and  shoals,  wbioll 
have  the  effect  of  continually  altering  the  direction  of  I 
jiarticles  of  water.  Even  where  the  bed  approaches  to  a  leva 
surface  it  frequently  contains  a  series  of  ridges,  composed  ( 
;cittl  canioJ  in  aUBpi'nsiun  in  different  riven  will  b 
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|be  deposit  in  transit,  These  ridges  have  almost  invariably  a 
Bientle  slope  on  the  upper  side,  with  a  more  vertical  inclination 
m  the  down-stream  side.  Even  where  the  material  is  sand,  the 
iown-stream  side  often  presents  an  almost  vertical  face,  over 
irhich  the  moving  particles  are  rolled.  These  ridges  are  con- 
rtantly  altering  their  form,  due  to  the  clianging  size  of  the 
particles  rolled  along,  a  single  pebble  often  altering  the  whole 
thape  of  the  moving  detritus. 

If  the  velocity  of  the  stream  be  checked  by  a  widening  of 
ihe  channel,  the  motion  of  the  water  becomes  less  disturbed,  and 
\  portion  of  the  matter  in  suspension  is  deposited,  the  quantity 
Upending  on  the  variation  in  the  velocity  of  the  current.  This 
leposit  reduces  the  area  of  the  channel,  and  tends  to  restore  the 
lormal  velocity,  A  slight  retardation  of  the  current,  however, 
toes  not  necessarily  produce  a  deposit.  Increase  in  depth  does 
tot  cause  deposit  in  the  way  that  inci'ease  of  width  does.  The 
larticles  of  water  in  the  latter  case,  descending  on  one  side  of 
ihe  deep  and  rising  on  the  other,  cause  a  rotary  or  centrifugal 
notion  in  the  hollow ;  the  pai'ticles  of  matter  brought  into  the 
Jepression  are  i-oUed  round  and  directed  upwards,  and  ultimately 
kBrried  off  by  the  film  of  water  moving  above  the  surface  of  the 
fit 

When  the  water  is  highly  charged  with  deposit,  the  greater 
amount  will  be  found  at  the  bottom  and  the  least  at  the  surface. 
[When  it  is  undercharged,  the  distribution  is  more  general,  the 
UDOpnt  at  any  point  being  determined  by  the  greater  or  les.s 
^flurbance  of  the  particles  due  to  eddies  and  whirlpools.  In 
the  Rhone  delta,  where  the  water  was  very  highly  charged,  the 
pnportioQ  was  found  to  be  as  100  at  the  surface  to  188  at  the 
bottom.  In  the  Mississippi,  in  its  ordinary  condition,  the  pro- 
portion was  only  147  to  IKS.  In  a  sandy  estuary,  where  the 
Wlter  was  much  undercharged,  the  author  has  found  the  pro- 
portion to  vary  as  8  to  14  and  12  to  28. 

The  power  of  water  to  transport  solid  matter  depends  on  the 
itioeity — modified  by  the  depth — which  governs  the  transport- 
ing power  in  two  ways :  One  certain,  when,  the  quantity  of 
Witer  being  constant,  the  amount  of  material  carried  will  vary 
'dreetly  as  the  velocity,  and  as  affected  by  the  time  that  gravity 
3m»  to  act  on  the  particles  while  travelling  a  given  distance. 
iThe  other  uncertain,  and  due  to  the  increase  of  eddies  and 
motions  set  up  by  the  increased  momentum  of  the 
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stream.  With  regard  to  the  first,  if  a  j^iven  quantity  of  wal 
carries  a  given  quantity  of  material  in  suspension,  it  is  obvious^ 
that  by  increasing  the  pace  throughout  the  whole  of  the  channel 
the  quantity  of  material  carried  must  also  be  increased.  It  is, 
however,  impossible  to  lay  down  any  rule  for  the  second  factor, 
j  as  it  must  depend  on  the  contour  of  the  channel  and  the  means 
for  setting  up  the  whirling  or  rotary  motion  that  keeps  the 
,    particles  in  suspension. 

The  weight  of  aand  and  pebbles  when  immersed  in  watffl: 
being  only  about  half  their  weight  in  air.  these  materials  are 
more  easily  transported  by  currents  of  moderate  velocity. 
Sand  or  pebbles  lying  on  the  bottom  of  a  river  present  an 
obstacle  to  the  free  motion  of  the  particles  of  water  and  check 
their  momentum.  They  are  therefore  acted  on  by  the  dynamic 
force  of  the  flowing  current  in  addition  to  the  transporting, 
power  due  to  the  velocity  alone.  It  is  to  this  cause  that  pebbles 
and  shingle  are  moved  along  a  beach  by  tidal  currents  of  small 
velocity,  and,  when  aided  by  the  disturbance  caused  by  wave^ 
stones  of  very  considerable  size  are  brought  from  deep  water 
and  left  stranded  on  the  shore.  The  momentum  contained  ia 
the  deep  water  of  the  sea,  due  to  the  tides  aided  by  the  currenb' 
acting  on  heavy  bodies  in  a  partial  state  of  flotation,  carries 
these  along  and  lands  them  in  a  position  from  which  the  return- 
ing wave  has  not  power  to  move  them. 

It  baa  been  shown  in  a  previous  chapter  that  the  particle* 
of  water  of  which  a  running  stream  consists  are  continuall] 
rolling  round  one  another  in  circular  orbits,  and  that  the  bl 
of  these  circles  depends  on  the  depth  of  the  stream.  The  dee^ 
and  wider  the  stream  the  less  the  rotary  motion  is  impedi 
The  smaller  the  diameter  of  the  orbits  described  by  the  particles 
the  more  disturbed  is  the  condition  of  the  water  and  of  the 
particles  of  solid  materials  which  it  contains,  and  therefore  the 
greater  the  ability  of  the  water  to  retain  these  in  suspension^ 
and  the  more  the  energy  expended  in  rubbing  and  eroding  the 
sides  and  bottom  of  the  channel.  The  larger  also  the  diameter 
of  the  circle  through  which  the  particles  move  the  more  easily 
they  will  glide  over  the  surface,  and  the  shallower  the  water 
the  more  direct,  frequent,  and  effective  will  be  their  impulse. 
The  greater  agitation  in  which  shallow  water  is  kept  increases 
its  capacity  to  hold  matter  in  suspension  and  to  erode  its  bed. 
The  strength  of  the  stream  is  absorbed  proportionally  in  this 


^ 


THE    TRANSPORTING   POWER    OF   WATER.  65 

action,  ami  the  velocity  accordingly  diminished.  Thia  is  no 
doubt  the  caiiae  why  shallow  streams  frequently  erode  the  soil 
of  their  beda  and  banks,  while  deep  water  passes  on  over  the 
same  kind  of  t^oil  without  exercising  the  same  eflect. 

It  has  been  stated  that  a  shallow  stream  running  at  a  high 
velocity  has  less  effect  than  the  scouring  and  transporting  power 
of  a  deep  stream  having  less  velocity,  and  that  the  greatest 
effect  is  produced  when  the  mass  and  velocity  are  at  a  ma?umum. 
If,  however,  the  above  be  a  correct  description  of  the  motion  of 
water,  thia  would  not  be  the  case.  The  author  has  frequently 
observed  the  action  of  moving  water  running  over  sand  in  a 
tidal  tank,  and  has  invariably  found  that  the  greatest  movement 
of  the  sand  took  place  on  the  first  of  the  Bood  and  the  last  of 
the  ebb ;  and  that  if  tlie  particles  of  sand  weie  perfectly  quiet 
when  the  water  was  deep,  movement  began  to  take  jilace  as  the 
water  shoaled  towards  the  end  of  the  tide,  the  movement  of  the 
particles  being  reversed  on  the  flood,  but  ceasing  as  soon  as 
tiie  water  acquired  any  depth.  It  is  stated  by  Mr,  Corthell,  as 
the  result  of  observations  on  the  Mississippi  works,  that  the 
conclusion  arnved  at  was  that  the  ability  of  a  stream  to  cany 
material  depended  on  the  velocity  modified  by  the  depth,  and 
that  the  power  to  keep  the  sediment  in  suspension  was  inversely 
as  the  depth.  General  Eads,  in  his  investigation  of  the  currents  . 
of  the  Mississippi,  came  to  the  conclusion  that  the  i{uantity  of  k 
matter  which  a  stream  was  able  to  carry  increased  as  the  square  I 
of  the  velocity,  and  the  author  believes  this  assumption  to  be 
correct.  Mr,  W.  Airy  has  calculated  that  the  capahibty  of  a 
stream  for  moving  substances  varies  as  the  sixth  power  of  its 
velocity.  That  is  to  say,  that  in  the  case  of  a  sti'eam  moving 
with  a  velocity  of  S  feet  per  second,  if  the  velocity  be  increased 
to  9  feet,  the  increased  velocity  would  move  particles  double 
the  weight  that  it  would  before ;  or  if  the  current  were  doubled, 
it  wo»Ud  move  particles  sixty-four  times  the  weight  that  it  did 
before.  This  formula  was  based  on  the  assumption  that  the 
particles  were  cubes  sliding  along  the  bed  of  the  river.  Mr.  H. 
Law  confirmed  this  view,  and  considered  that  it  would  he  equally 
true  if  the  particles  were  either  cubes  or  spheres,  and  if,  instead 
of  assimiing  the  cube  to  slide,  it  was  assumed  to  be  rolled  over 
on  its  edge.  When  cohesion  came  into  play  this  law  no  longer 
held  good,  and  then  the  power  of  the  stream  to  tear  up  the  river- 
bed would  be  as  the  square  of  the  velocity;  in  this  case  the 
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depth  has  also  to  be  taken  into  account.  Much  the  same  r 
as  to  the  scouring  power  of  water  had  been  arrived  at  by  I 
Hopkins,  of  Cambridge,  who  calculated  it  as  being  in  proportia 
to  the  seventh  power  of  the  velocity.  These  calculations  do  n 
apply  to  the  transport  of  the  n]att.Tial  in  suspension  or  ti 
quantity  actually  scoured,  but  to  the  size  of  loose  particles  harin 
the  same  speciBc  gravity  turned  over  or  rolled  by  the  streaiu. 

The  velocity  of  running  water  Is  checked  by  the  amount  (I 
material  carried  in  suspension.  The  specific  gi-avity  of  detriti 
being  greater  than  «'atcr,  greater  work  has  to  be  done ; 
propelling  force  due  to  gravity  remaining  the  same,  retardatio 
must  therefore  take  place.  Clean  water  will  be  found  to  caint 
erosion  where,  when  the  water  i.s  highly-  charged  with  sedimeol 
no  erosion  will  take  place.  On  the  Gauges  Canal,  wlien  the  wat( 
passing  through  is  highly  charged  with  deposit  it  is  found  tin 
a  certain  amount  of  deposit  takes  place,  but  this  is  picked  n 
and  carried  away  when  the  water  becomes  clean. 

The  material  transported  by  rivers  consists  either  of  alluvii 
matter,  clay,  sand,  or  shingle.  The  first  two,  owing  to  tli 
fineness  of  the  particles,  are  easily  transported  in  a  state  of  sm 
pension.  When  sand  is  disturbed,  a  certain  portion,  consistiq 
of  the  very  finest  particles,  is  carried  away  in  suspension,  but  aU 
particles  sufficiently  large  to  be  visibly  angular,  as  also  shingly 
require  a  greater  velocity  of  the  current  to  move  them,  and  thnr 
transport  is  eflected  by  being  rolled  along  the  bottom.  AUhoof^ 
clay  will  not  yield  to  such  a  velocity  as  generally  prevails  iii 
navigable  rivers,  if  it  be  disintegrated  the  pai'ticles  easily  mi 
with  the  water  and  are  carried  away.  The  author  has  found,! 
the  result  of  observation  and  experiment,  that  the  luo 
results  may  be  obtained  by  mechanical  disintegration  and  n 
from  warp  or  alluvial  deposits,  then  from  clay,  and  the  let 
effect  is  obtained  from  sand. 

The  quantity  carried  in  suspension  at  a  given  velocity  is  a 
wholly  in  proportion  to  the  specific  gravity  of  the  material,  b 
depends  more  on  the  fineness  of  the  particles.  Even  in  sti 
water  it  will  be  found  that  the  relative  time  occupied  in  settUll 
does  not  vary  as  the  specific  gravity  of  the  materials. 

The  following  table  shows  the  relative  weight  of  dlfferefi 
materials  when  dry,  the  time  occupied  in  settling;  in  a  test-tub^ 
and  the  quantity  of  solid  matter  deposited.  The  experiiuentl 
were  conducted  by  means  of  a  wooden  trough   12    feet  loi^ 
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ing  a  channel  formed  in  clay.  At  the  upper  end  was  a  small 
rvoir,  in  which  the  different  materials  to  be  operated  on  were 
ed.  These  were  disintegrated  and  kept  in  motion  by  a  cutter 
ches  in  diameter,  having  four  fins  or  blades  placed  above 
cutter.  A  constant  stream  of  water  was  supplied  from  a 
\y  the  velocity  of  the  water  down  the  channel  being  at  the 
of  one  foot  per  second.  The  two  specimens  of  clay  were 
in  the  reservoir  in  solid  lumps,  and  rammed  down  before 
ig  acted  on.  Half  a  gallon  of  water  in  each  case  was  taken 
1  the  effluent  at  the  lower  end,  and  the  matter  in  suspension 
wred  to  deposit.  The  water  was  then  drawn  off  by  a  syphon, 
sediment  dried  by  means  of  a  spirit-lamp  and  weighed, 
ere  the  deposit  was  small,  it  was  strained  through  filtering- 
sr  and  weighed  with  the  paper.  Equal  portions  of  all  the 
d  material  were  then  mixed  with  water  and  allowed  to  settle 
I  test-tube.  The  result  from  the  clay  is  small  in  proportion 
he  warp,  as  it  had  to  be  disintegrated.  The  whole  of  the 
sent  into  the  stream  was  carried  away  in  suspension*  The 
xsit  obtained  from  the  river  sand  resembled  warp  more  than 
1,  the  angular  particles  of  the  sand  being  left  in  the  channel 
only  the  finest  particles  being  carried  away  in  suspension. 


MaterUI. 


TiiiM  taken    to 

settle.  No.  1 

being  taken  as 

the  unit. 


Min. 


Propor- 
tl^ 


vyftnesaiMl 

^xmt  firom  ooane  river  nnd 
>poBit      from      river      sand 
icieexied  fine  ... 

tarial  deposit 

ickcUy  

older  eUj      

hirud  deposit  horn.  TUboiy 

l^^CJ^       •••  «••  •••  ••• 


0166 
0124 

0^85 
0^ 
038 
0^ 


1 
144 

210 
210 
228 
234 


Qnantlt/  ooo- 

taioedin 

1  cable  fSoot  of 

water. 


Weight    Proper- 
lb.      i    tion. 


054        324 


1-60 
100 

1-20 
Ml 
M8 
1-00 

112 


1-00      0-323      1.00 


1-00 
4-80 
1-20 
110 


0*391 
181 
0448 
0783 


1-21 
560 
1-38 
2-42 


12-90      39-94 


ir.  T.  Login,  from  experiments  recorded  in  the  Philofsophicai 
vKurtion^  of  Edinburgh,  gives  the  rate  of  sinking  in  water 
et  per  minate  of  different  materials  as  foUow.s : — 


Frali-vatcr  MDd 


PebUes  lixe  of  peo 


Feet. 
0-566 
10H)0 
11-707 
60-00 


68  TIDAL  RIVERS. 

T)io  clay  was  mixed  with  water  and  allowed  to  settle  for  half 
All  liour. 

'Hie  data  generally  quoted  as  to  the  movement  of  material 
liy  water  ninning  at  different  velocities  are  based  on  experiments 
made  hy  Dubuat  These  experiments  were  conducted  in  troughs 
of  nniall  scale,  where  the  irregularities  of  a  natural  rivei*  were 
aI)sont.     They  are  as  follows: — 

FeM  Mlla  per 

Semi-fluid  mud  WM  moved  by  B  velooit;  of  0-25  ...  0-17 

8oft<.tay  050  ...  0^ 

IViWMMUtd       ...  ...  ...  ...  0-75  ...  O'SO 

H(«  ahiiiKl*)  1  iuoli  in  diiuneter 216  ...  1-S3 

Mr.  Login  found  that  in  a  cliannel  half  an  inch  in  depth  the 
fUiTi'iit  rwjuiped  to  move  different  materials  was  as  follows: — 


llriok  pUv,  aft^r  Iwin^  diMtdTTd  in  water  0-S5  ...  0-170 

VepUbfeaoU 0«3  ...  0-S6 

FrMh>val«r  (and             0-66  ...  0-4M 

Smiand            Ml  ...  0-752 

INWaw  A»  of  i-w         too  ...  1-S7 

Tlitf  oxj^'rinionts  made  by  Mr,  Blackwell  proved  that  gravel 
Italf  «»  inch  in  diaiuoU'r  moved  with  a  current  of  from  2'S5  to 
S'W  tVvt  pin-  socoiid.  Mossxs.  Humphrys  and  Abbot  found  that 
»  vvli>city  (>l'  0-^  ftxtt  [tor  stfci>iid  was  sufficient  to  transport  the 
malarial  <.ltfpi.«ilts1  at  the  mouth  of  the  Mi<«issippL  Mr.  Mollins, 
in  tho  CMials  in  India,  found  that  alluvial  soil  was  moved 
by  a  onnvnt  of  3  fi,vt  a  s«cvmd.  and  gravelly  soil  with  3  feet 
t,Skpt«i»  Wa&hiujrton  found  that  in  Dover  Bay  a  tidal  current 
^VT  t  w  and  a  half  knot«  held  in  $u$f«eiisioD  473  grains  of  material 
in  a  culvc  ^«ol  v>f  ««t»r :  a  half-knot  cnmst.  30  grains ;  and  at 
«)«cl:-w*t<r  cahtt  llwcw  was  fnott  SO  to  SO  j^mins  of  mMerial  in 
»tt*^(««io)a.  TW  WMwial  ww  <0M|»M«d  of  half  fine  sand,  a 
>|— rto  cfctifc^wrf  «  i^aaner  "nq^nahk  nainer  The  '"i-'iTrim 
i^aantUy.  473  x(«k&  wax  io*u»i  al  h^  wMer  ^  ii)«uig  tides 
E  ttt-Ata*  «naah  M  :^>  ftM  Mow  tha  EW&ee  and 


l6ftMft«M«W 


Ik  b  alw  «htol,  M  Ik*  aalkM^v  «r  IMwii.  lUk  sad  timveb 

tW  n*a  flf  a  9fti  te  1^  hMrs.    TW  Mtkor  has  made  a 

«f  aaki  n  the  ez- 

<»■  A— larf  water.btBDg 
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fed  in  at  the  top  end,  was  allowed  to  run  down  the  channel  with 
a  velocity  of  1  foot  per  second.  A  continuous  supply  of  coarse 
river  sand  was  gently  mixed  with  the  water  in  the  reservoir  at  the 
top  end.  The  sand  was  not  carried  by  the  water  in  a  thin  film 
spread  over  the  whole  length  of  the  channel,  but  advanced  in  a 
layer  about  half  an  inch  in  thickness,  the  down-stream  end  having 


Fio.  &— DUgnm  showing  moTement  of  sand. 

a  vertical  face  over  which  fresh  particles  were  continually  rolled, 
as  shown  in  Fig.  6.  This  face  advanced  forward  at  the  rate  of 
1  foot  in  4J  minutes.  When,  however,  only  a  limited  quantity 
of  sand  was  put  in  at  the  top  end  and  no  fresh  supply  added, 
the  water  rolled  this  along  the  channel  in  the  same  way  as 
before,  leaving  the  up-stream  side  clear  of  sand,  and  the  fall  on 
the  down-stream  side  advancing  at  the  rate  of  1  foot  in  1  hour 
and  17  minutes,  which  agrees  closely  ^dth  the  result  given  by 
Daboat 


CHAPTER  V. 

THE  TIDES. 

The  conditions  of  a  tidal  river  are  that  it  has  a  regular  flow  and 
ebb,  altering  in  time  according  to  the  age  of  the  moon,  the  rise 
being  higher  near  the  time  of  full  moon  and  change,  and  less  al 
the  quarters.  As  a  rule  the  ebb  and  flow  occurs  twice  in  a  day, 
but  there  are  exceptions  to  this. 

Although  the  terms  "  fresh  "  and  "  salt "  water  are  sometimes 
applied  to  distinguish  between  the  two  classes  of  river,  it  is  not 
necessary  that  the  water  throughout  the  whole  of  a  tidal  river 
should  be  salt  In  the  upper  reaches  the  fresh  water  is  driven 
back  by  the  tide,  and  in  some  cases,  during  heavy  land  floods,  the 
water  continues  fresh  down  to  the  mouth. 

The  tidal  portion  of  a  river  is  deemed  to  extend  up  to  that 
point  at  which  the  water  is  affected  by  the  ordinary  rise  of  a 
spring  tide,  and  not  to  the  part  only  occasionally  affected  by 
extraordinary  high  tides. 

All  land  covered  by  the  tides  at  high  watet  is  deemed  in  this 
country  to  belong  to  the  State,  unless  it  has  been  alienated.  The 
level  of  high  water  for  this  purpose  is  taken  as  being  the  mean 
level,  both  at  springs  and  neaps,  ascertained  by  taking  the 
average  level  of  high  water  at  the  place  in  question  during  a 
year  or  other  considerable  period  of  time. 

Tides  are  not  only  a  great  commercial  benefit  to  the  country 
through  which  they  pass,  but  also  confer  considerable  sanitar}' 
benefits,  especially  when  passing  through  thickly  populated 
districts.  The  daily  ebb  and  flow  of  the  water  acts  as  a  great 
ventilator  within  a  certain  distance,  bringing  up  the  fresh  air 
and  ozone  of  the  sea  on  the  flood  ;  and  carrying  away  on  the  ebb 
impurities  which  otherwise  would  remain  and  pollute  the  river 
in  dry  seasons. 

To  realize  the  advantage  which  a  tidal  river  confers^  it  is  only 
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.ry  to  compare  some  of  the  lai'^est  rivers  of  the  world 

rharginj;  into  tidelesa  scaa  with  the  tidal  rivers  of  this  country. 

The  Nile,  one  of  the  largest  rivers  in  the  world,  ia  only 
navigable  for  small  craft  of  lij;ht  draft. 

The  Mississippi,  draining  one  and  a  quarter  million  square 
miles,  or  two  hundred  times  as  much  as  the  Thames,  and  which 
ia  50  feet  deep  a  few  miles  from  its  junction  with  the  Gulf  of 
Mexico,  had  only  a  navigable  depth  of  13  feet  at  its  outfall 
before  it  was  improved. 

The  Danube,  draining  310,000  square  miles,  which  is  50  feet 
deep  above  the  delta,  had  in  its  natural  condition  only  a  depth 
of  from  7  to  12  feet  along  the  best  of  its  outlets. 

The  Rhone,  which  is  42  feet  deep  at  four  miles  above  its 
mouth,  hasadepth  of  6  feet,  and  has  only  been  rendered  navigable 
by  means  of  a  canal  connecting  it  with  the  sea. 

The  Neva,  which  is  C.5  feet  deep  at  St.  Pctersburgh,  had  only 
depth  of  13  feet  at  the  lower  eniL 

The  Volga,  which  is  the  longe-st  river  in  Europe  and  drains 

,500  square  miles,  has  only  a  navigable  depth  of  8  feet  at  its 

^fall  into  the  Caspian  Sea. 

On  the  Tliames,  the  Humber,  the  Severn,  and  the  Mersey, 
owing  \a  tJie  tidal  flow,  a  channel  is  maintained  by  natural 
causes  along  which  the  largest  commerce  of  any  poi'ta  in  the 
world  is  conducted- 

By  the  aid  of  tidal  rise,  ships  are  also  able  to  pass  along  rivers 
which  otherwise  would  not  be  navigable  for  long  distances 
inland,  thus  economiziug  the  cost  of  distribution  of  their  cargoes. 
The  port  of  London,  on  the  Thames,  is  situated  40  miles  from 
the  sea;  Hull,  on  the  Humber,  is  23  miles,  and  Goole,  40  miles 
inland ;  Bristol  is  50  miles  from  the  sea  Channel ;  Rouen,  on 
the  Seine,  is  77  miles;  and  Hamburgh,  on  the  Elbe,  CO  miles ; 
Antwerp,  on  the  Scheldt.  4.5  miles;  Rotterdam,  on  the  Maas, 
20  miles ;  Bourdeaux,  on  the  Gironde,  75  miles. 

There  arc  throughout  the  world  numerous  rivers  and  harbour.i 
on  the  coast  that  owe  their  usefulness  for  commercial  purposes, 
or  a»  iisberj-  stations,  solely  to  the  tides.  Thus  the  Avon,  lead- 
ing  up  to  Bristol,  has  not  a  navigable  depth  of  more  than  'A  or  4 
feet  at  low  water,  yet  at  high  water  steamers  of  over  2000  tons 
can  get  up  to  Bristol. 

Tidal  rivers  possess  veiy  great  capacities  for  improvement. 
-The  amount  of  tidal  water  is  unlimited.    By  the  aid  of  engineer- 
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ing  works,  judiciously  carried  out,  tlie  depth  of  the  navij 
channel  and  the  distance  it  extends  inland  may  be  very  Ii 
increased. 

Before,  however,  such  works  are  undertaken,  it  is  es* 
for  their  success,  not  only  that  a  thorough  knowledge  of 
phenomena  and  of  the  action  of  tlie  tides  in  general  should 
possessed  by  the  engineer  to  whoae  care  the  river  is  comniitl 
but  also  that  he  should  make  himself  master  of  all  the  tii 
peculiarities  common  to  the  river  to  be  dealt  with. 

Tidal  Temu. — The  word  "  tide  "  is  used  to  denote  the  act! 
of  the  water  of  the  ocean  and  in  rivers  and  estuaries  in 
and  falhng,  which  occurs  on  these  coasts  twice  eveiy  day. 

The  time  at  which  a  tide  occui-s  and  the  height  to  which  it 
rises  vary  from  tide  to  tide.  The  variations  are  known  as  sp>-ing 
tides  when  the  water  is  at  the  highest,  and  iicap  tides  when  at 
the  lowest. 

As  the  tides  fall  from  springs  to  neaps,  they  are  said  by 
mariners  to  "  be  taking  off;  "  and  when  rising  from  the  neaps,  to 
"  be  coming  on,"  the  stage  between  the  two  being  known  as 
half-spring  tides.  The  time  of  high  water  is  frequently  spoken 
of  by  mariners  as  the  "  time  the  tide  flows,"  The  rising  tide  is 
described  as  "  the  flood,"  and  the  falling  tide  "  the  ebb." 

As  high  water  of  spring  tides  rises  higher  than  that  of  neaps, 
so  the  low  water  of  springs  generally  falls  lower. 

In  speaking  of  the  rise  of  the  tide,  whether  springs  or  neap^ 
it  is  understood  to  mean  the  vertical  rise  above  mean  low  water 
of  spring  tides. 

The  raiige  of  a  tide  is  the  vertical  difference  between  the  low 
water  and  high  water  of  that  particular  tide. 

Half-tide  is  the  mean  distance  between  high  and  low  water 
of  springs  and  neaps.  In  the  upper  reach  of  a  river  where  the 
rise  is  small,  half -tide  level  means  the  mean  level  at  the  mouth  of 
the  river. 

Hean  Level  of  the  Sea. — Although  the  height  to  which  the 
water  rises  and  falls  at  different  parts  of  the  coast  varies  veiy 
considerably,  yet  there  is  a  mean  level  to  which,  at  a  cei-tain 
state  of  the  tide,  the  water  of  the  sea  attains.  From  the  levels 
taken  and  observations  made  for  the  Ordnance  Survey,  the 
mean  level  of  the  sea  round  the  coast  of  England  varies  15 
inches  above  and  below  the  mean  level  at  Liverpool  as  adapted 
for  the  Ordnance  datum.    (See  Appendix.)    According  to  in- 
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■fttioDs  made  by  the  French  Government,  a  mean  level  als«i 
"j  tliroughout  the  coasts  of  France,  Germany,  and  Holland, 
«riation  being  from  (i  to  S  inches  above  and  below  the 
1  datum.  (See  Appendix.) 
diagram  in  Fig.  7,  taken  from  the  Admiralty  Tide 
I,  will  make  the  different  positionK  of  the  tide  more  clear. 


a  shows  the  mean  level  of  high  water  of  ordinary  sprinj; 
tides. 

6,  the  mean  level  of  high  water  of  oi^dinary  neap  tides. 

c.  the  half  tide  or  mean  level  of  the  sea  both  at  springs  and 
neaps. 

</.  mean  level  of  low- water  neap  tides. 

e,  ditto  spring  tides, 

c  to  «,  shown  as  12  feet  on  the  gauge,  the  rise  of  the  -spring 
tide  or  me&n  spring  range. 

e  to  6,  shown  as  10  feet  on  the  gauge,  the  mean  rise  of  a  neap 
tide. 

6  to  rf ,  shown  a«  S  feet  on  the  gauge,  the  range  of  a  neap  title. 

Theory  of  the  Tides. — The  direct  connection  between  the 
moon  and  the  tides  has  been  a  matter  of  common  observation 
from  the  most  ancient  times.  Mariners  and  persons  living  on  the 
coast  could  not  fait  to  observe  that,  with  the  same  regularity  as 
the  moon  rose  above  the  horizon,  crossed  the  meridian,  and  again 
<tisappeared,  the  water  in  the  ocean  i-oso  and  fell ;  that  when 
she  gave  the  greatest  amount  of  light  at  night,  or  at  the  times 
when  she  was  almost  entirely  invisible,  the  water  reached  higher 
up  the  beach  than  during  the  intermediate  periods,  and  that  the 
increase  and  decrease  in  height  followed  regularly  the  varying 
phases  of  the  moon ;  that  the  time  of  high  water  got  later  every 
day  aa   the  moon  got  older ;  that  at  the  eijuincKes  the   tides 
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attained  their  greatest  hei<;lit,  anJ  were  lowest  in  summer; 
further,  that  the  time  of  high  water  varied  at  every  different 

But  while  these  facts  were   then   realized,  the  laws  wl 
explained  the  direct  connection  between  the  tides  and  the  heavi 
bodies  were  not  developed  until  Newton  reduced  the  knowli 
of  universal  gravitation  to  a  practical  form ;  and  the  study  of 
the  tides,  aided  by  a  systematic  collection  of  data,  enabled  the 
variations  at  different  poi-ts  to  be  traced  to  their  origin. 

The  connection  of  the  sun  with  the  tides  is  not  so  apparent 
as  that  of  the  moon,  but  its  action  as  a  tide-producing  agent  wa> 
equally  well  known  to  tlie  early  astronomera. 

It  is,  however,  even  at  the  present  time,  hardly  sufficiently 
realized  that  although  the  tides  on  our  shores  are  caused  by  the 
sun  and  the  moon,  yet  that  this  is  not  due  to  their  immediate 
effect  on  the  waters  of  the  seas  suiTounding  the  coast,  but  upon 
that  of  an  ocean  several  thousand  miles  distant.  Also  that  the 
tidal  cm-rent  which  flows  through  London  Bridge,  or  up  any 
other  river,  is  due  to  a  wave  generated  in  the  Southern  Ocean 
60°  south  of  the  equator,  which  spreading  its  influence  from  this 
ocean  into  the  Atlantic,  causing  a  disturbance  of  every  particle  of 
water  in  that  great  ocean  to  a  depth  estimated  in  places  of  more 
than  four  miles,  thence,  extending  round  the  coast  of  these  islands 
and  down  the  North  Sea,  until  it  finally  reaches  the  Thames. 
more  than  7000  miles  distant  from  the  source  of  generation,  in 
about  a  day  and  a  half;  where  it  causes  an  elevation  in  the 
surface  of  the  river  eight  times  greater  than  the  variation  of  level 
of  the  ocean  in  which  the  wave  was  generated. 

Fcr  the  purpose  of  explaining  the  action  of  the  sun  and  mooD 
in  producing  the  tides,  the  earth  may  be  regarded  as  a  solid 
sphere,  or,  more  correctly  speaking,  an  oblate  spheroid,  the  polar 
diameter  being  about  ■_^\^^  less  than  the  equatorial.  The  external 
portion  of  this  solid  sphere  that  is  partly  covered  with  water 
extends  over  144J  millions  of  square  miles,  the  area  of  land  not 
covered  with  water  being  calculated  at  52^  millions  of  square 
miles.  The  depth  of  the  water  varies  from  4655  fathoms,  or  more 
than  five  miles,  in  the  deepest  part  of  the  Southern  Ocean,  to 
less  than  40  fathoms  in  the  shallowest  seas  of  the  North, 

This  water  is  not  evenly  distributed.  South  of  the  equat 
between  latitudes  40  and  70,  is  a  broad  belt  completely 
the  globe  al>out  2000  mile-s  wide,  except  in  one  place,  where  it 
diminished  to  about  one-third  this  width,  and  averaging  b1 
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34  niUes  deep.     ExtenJIn^  out  of  this  Southerit  Ocean  at  right 
axe  three  seas,  the  larj^est  of  which,  the  Pacific,  extends  to 
lei-n  Arctic  refiions,  being  connected  with  the  Polar  Sea 
.^ro^Y  channel  of  Behring  Strait.     The  Atlantic  is  a  less 
but  it  is  continuous  to  the  Arctic  seas.     The  smaller 
the  three,  the   Indian  Ocean,  only  extends  to  20"  north  of 
i  equator,  but  is  connected  hy  a  series  of  narrow  channels 
the  north-east  side  with  the  Pacitie.     A  belt  of  water  also 
runs  nearly  round   tlie  northem  part  of  the  globe,   its  width 
iMing  contracted  by  the  projection  of  Greenland,  but  round  the 
soothcrn  shores  of  which   its  continuity  is  effected.     This  sea 
may  be  taken  as  averaging  700  miles  wide.     Scattered  over  the 
globe  are  some  smaller  seas,  some  of  which  have  no  communi- 
cation with  the  main  ocean,  and  the  largest  of  which  only  has 
its  length  in  an  east  and  west  direction. 

By  the  laws  of  gravity,  the  earth,  in  common  with  the  other 
planets,  is  attracted  to  the  sun.  There  is  a  mutual  attraction 
between  the  eaith  and  the  moon,  and  the  earth  has  an  attractive 
force  of  its  own. 

The  attractive  relation  of  the  earth  and  the  moon,  and  of  the 
other  planets  to  each  other  and  to  the  sun,  is  directly  proportionate 
to  their  respective  masses,  and  inversely  as  the  squares  of  their 
distADces.  The  eB'ect  of  the  other  planets  on  the  earth  as  tide^ 
prodaciug  agents  is  so  small  that  it  is  disregarded. 

The  effect  of  terrestrial  gravity  is  to  draw  every  particle  of 
vbieh  the  earth  is  composed  to  its  own  centre.  The  tendency 
uf  the  attraction  of  the  sun  and  moon  is  to  draw  the  particles  of 
the  e&rth  towards  them. 

The  particles  of  the  solid  earth  have  sufHcient  cohesion  to 
resist  disturbance ;  the  earth  is  therefore  attracted  as  a  whole, 
the  line  of  attraction  from  the  sun  and  from  the  moon  passing  to 
the  centre.  Although  the  eaith  is  thus  attracted  as  a  whole,  the 
amount  of  attraction  varies  owing  to  the  sun  and  moon  being 
more  distant  from  some  parts  of  the  earth  than  from  others. 
The  particles  composing  the  duid  portion  of  the  earth  have  so 
little  cohesion  that  they  are  free  to  obey  any  disturbing  agent, 
and  under  its  action  to  change  their  position,  and  consetjuently 
the  form  of  the  water.  If  the  influence  of  the  sun  and  moon 
were  absent,  every  particle  of  the  water,  being  drawn  to  the 
centre  of  the  eartli  by  the  attraction  of  gravity,  would  be  in 
e(jailibrium,  and  the  fluid  would  assume  a  spherical  form,     If 
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from  any  cause  the  water  was  disturbed,  ami  one  portion 
above  the  other,  the  particles  in  tiie  highest  pait,  being  re 
further  from  the  centre  of  the  earth  than  those  in  the  lower  part, 
would  be  pushed  or  drawn  towards  the  lower  part  by  gravitr, 
and  would  endeavour  to  re-establish  the  equilibrium.  This  a 
what  is  understood  by  water  being  leveL  The  surface  of  a  level 
plane  of  water  is  not  tliat  of  a  straight  surface  prolonged  inde- 
finitely, but  one  curved  to  the  shape  of  the  earth,  every  partide 
in  each  layer  of  water  being  equally  distant  from  the  centi-e. 

The  moon  and  the  sun  act  aa  disturbing  agents  in  preventiii)[ 
the  terrestrial  equilibrium  of  the  water.  The  particles  compowng 
the  fluid  covering  of  the  earth,  being  at  unequal  distances  frwa 
these  disturbing  agents,  gravitate  unequally. 

The  power  of  terrestrial  gravity  to  draw  the  particles  of  tht 
water  to  the  centre  of  the  earth  is  reduced  by  the  attractivt 
force  of  the  moon  or  the  sun,  oach  of  these  forces  actiog  in 
opposite  directions  to  that  of  terrestrial  gravity. 

The  attractive  force  of  tbo  luminaries  is  at  its  maximum  tt 
the  meridian  or  part  directly  under  them,  and  diminishes  to  the 
horizon,  and  is  less  at  the  nadir  than  at  the  zenith.  The  water, 
therefore,  being  drawn  up  by  the  luminaries  and  preaaed  laterally 
by  terrestrial  gravity,  a'isumes  the  form  of  an  elliptical  .spheroid. 
having  its  major  axis  directed  to  the  luminaries,  and  its  pole* 
in  those  points  which  have  them  in  the  zenith  or  nadir. 

The  two  sides  consequently  ai'e  flattened,  being  drawn  in, 
the  two  lowest  points  of  the  depression  being  opposite  to  oae 
another  and  perpendicular  to  the  poles  of  the  major  axis.  The 
surface  of  the  spheroid  has  thus  two  (mints  of  elevation  anJ 
two  points  of  depression,  e(|ually  distant,  in  its  cireumferenec. 
Before,  however,  this  spheroid  has  time  to  assume  its  true  shape, 
the  position  of  the  disturbing  forces  is  moved  by  the  earth  re- 
volving on  its  axis,  the  poles,  however,  continuing  to  be  directed 
towards  the  luminaries.  The  two  elevations  and  depressions, 
or  crests  and  troughs  of  the  «aves,  are  therefore  continually 
directed  to  different  parts  of  the  circumference  of  the  globe, 
making  a  complete  circuit  with  every  revolution  of  the  earth. 

Such  an  effect  as  hei'c  described  cannot  be  instantaneous 
Time  must  be  given  for  the  inertia  of  the  water  to  be  overcome, 
and  the  rise  and  fall  of  the  water  under  the  luminaries  must  be 
gradual.  The  motion  being  once  given,  there  is  a  tendency  for 
the  undulations   created  to  continue,  until  tinally  checked  by 
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the  adlieaion  of  the  partictcs  of  water  tmd  the  friction.  The 
recurring  force  of  the  tidti-producinj;  agents  checks  this  tendency 
and  keeps  up  the  undulation.  The  consequence  is  that  the  form 
which  the  waters  would  assume  due  to  the  action  of  the  tide- 
producing  agents  is  never  exactly  attained,  and  would  not  be 
even  if  the  whole  earth  wei'e  covered  with  water. 

The  actual  effect  of  this  tide-pi-oducing  agency  on  the  belt  of 
water  running  round  the  earth  in  the  southern  latitudes  ia  to 
create  two  vast  undulations.  The  crests  of  these  undulations 
are  of  unequal  heights  and  about  540C  miles  apart,  and  move 
Klways  in  one  direction  from  east  to  west,  performing  the 
circuit  of  the  earth,  and  arriving  at  the  same  meridian  again  in 
24  honrs  50  minutes. 

Each  of  thuse  crests  respectively  passes  the  seas  which 
communicate  with  the  Southern  Oceaii  in  a  little  more  than 
12  hours,  and  communicates  its  intluence  to,  and  alternately 
raises  and  lowers,  the  water  in  them,  thus  causing  the  ebb 
and  flow  of  the  tide.  The  actual  disturbauce  of  the  equilibrium 
of  tlie  water  in  this  open  ocean  does  not  amount  to  more 
tlutn  about  3  feet  when  acted  on  by  both  luminaries  when  in 
eonjtiDctioD,  and  to  !)  inches  when  in  opposition. 

As  the  action  is  due  to  thu  effect  of  gravity  acting  throughout 
ihe  whole  mass  of  the  water,  every  jiarticlc  is  set  in  motion 
bnn  the  surface  to  the  bottom. 

The  momentum  given  to  such  an  enormous  mass  of  material 
is  something  stupendous,  and  can  hardly  be  realized,  even  when 
its  pffect  on  our  shores  b  considered. 

The  moon  travels  round  the  earth  in  the  course  of  27  33  days, 
and,  her  orbit  being  elliptical,  she  is  sometimes  nearer  to  the 
earA,  i>r  in  perlgte,  and  sometimes  further  away,  or  in  apogee. 
The  effect  on  the  water  of  the  earth  accordingly  varies  during 
her  transiL 

The  earth,  with  the  moon,  revolves  round  the  sun  in  a  year, 
and,  her  orbit  also  being  elliptical,  is  sometimes  nearer  to  the  sun, 
and  at  otlier  periods  of  the  year  further  away.  The  periods  of 
jKriiuiwH.  or  nearness,  are  at  the  equino.x&s  in  March  and 
September;  and  bhe  is  furthest  away,  or  in  uphelloii,  at  mid- 
-.     At  tbvse  times  the  atttsctive  force  on  the  earth  is  at 


or  mmuuum. 

During  tbe^e  jkeriodical  movements  the  sun  and  moon  are 
in  conjonction,  w  both  acting  in  the  same  directioD  on 


\ 
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the  earth ;  or  in  opposition,  being  then  at  right  angles  to  ooe 
another. 

The  sun,  by  the  variation  of  its  distance  from  the  earth,  also 
affects  the  progress  of  the  moon  in  her  journey  round  the  earth, 
at  times  diminishing,  and  others  increasing,  her  attractive  force 
and  her  effect  as.  a  tide-producer. 

At  new  or  full  moon,  or  at  fuR  and  change,  as  it  is  generally 
termed,  the  solar  and  lunar  tide  having  the  same  axes  and  the 
same  poles,  their  combined  effect  on  the  water  of  the  earth  is  at 
a  maximum,  the  solar  tide  being  superimposed  on  the  lunar  tide; 
consequently  high  water  is  raised  higher,  and  low  water  depressed 
lower,  and  spring  tides  prevail.  At  new  moon  the  sun  and 
moon  are  in  the  same  part  of  the  Iieavens,  and  exercise  their 
combined  force  on  the  same  side  of  the  earth.  At  full  moon 
they  are  on  opposite  sides,  and  the  attractive  force  is  not  so 
effective  as  at  new  moon.  The  full-moon  tides  are  consequently 
less  than  those  due  to  the  new  moon. 

When  the  moon  is  in  quadrature,  or  at  90  degrees  from 
the  sun,  the  sun  and  moon  are  acting  on  the  water  in  opposite 
directions,  and  the  crest  of  the  lunar  wave  is  superimposed  on 
the  trough  of  the  solar  wave.  The  suu  then  acts  as  a  drawback 
to  the  tides,  and  the  effect  is  as  the  difference  of  their  attraction. 
The  tides  are  then  raised  to  the  least  height,  and  low  water  is 
the  least  depressed.     These  are  neap  tides. 

From  the  time  of  conjunction  the  lunar  lags  behind  the 
solar  wave  until  the  quadrature,  when  high  water  of  the  moon 
coincides  with  low  water  of  the  sun,  and  six  hours  later  in  the 
day  than  at  new  or  full  moon. 

The  relative  position  of  the  sun  and  moon  to  the  earth  is 
shown  in  Fig.  8. 

The  action  of  tlie  sun  and  moon  in  producing  a  change  of 
form  of  the  water  of  the  earth  is  inversely  as  the  cube  of  their 
distances.  The  mass  of  the  sun  is  about  26  million  times 
greater  than  that  of  the  moon,  but  the  distance  from  the  earth 
is  386  times  further  removed  than  the  moon.     The  effect  of  the 

.•1  1     •  .  •    26,000,000      .,-...,    ,     .,. 

sun  as  a  tide-producmg  agent  is  — .TLps       ~  0'44?d  that  of  the 

moon,  or  less  than  half 

Taking  the  whole  tide-producing  agency  as  represented  by 
the  figure  3,  the  sun's  share  is  approximately  1,  and  the  moon  s  1 

The  tide  day  is  always  of  greater  length  than  the  solar  day. 
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VThile  tbe  earth  is  completing  a  revolution  round  its  axis,  tlie 
nooD  in  the  meantime  ha.s  advanced  a  certain  distance  alon^ 
her  orliit,  and  it  takes  on  an  averafre  24  hours  50  minutes  for 


"-O 


ne  meridian  to  s^ain  come  opposite  the  moon.     The  time 
1  water  is,  therefoi'e,  on  an  average  50  minutes  later  every 
This   is   termed   the   luggimj  or  pviminy  of   the  tides, 
I  aeeording  as  it  is  referred  to  the  solar  or  lunar  time. 

Owing  to  the  progress  of  the  moon  along  her  orbit  not  being 
always  at  the  same  rate,  the  variation  in  the  interval  between 
two  tides  is  not  always  the  same.  It  is  least  at  the  syzigios,  or 
the  time  of  new  or  full  moon,  and  greatest  about  the  quadra- 
tures, the  extreme  variation  being  from  about  twenty  to  forty 
minutes.  The  increase  is  gradual  from  the  syzigy  towards  the 
quadrature. 

The  mean  interval  between  successive  high  tides  being  thus 

1     more  than  twelve  hours,  it  follows  that  on  two  days  on  each 

'     lunation,  or  period  between  one  new  moon  and  the  next,  there 

is  only  one  high  water  during  the  twenty-four  hours  constituting 

the  solar  day. 

Besides  the  changes  in  the  time  and  height  of  the  tides  which 

take  place  from  day  to  day,  there  is  a  ditferenec  in  the  height  of 

the  lunar  and  anti-lunar  titles  which  occur  on  the  same  day. 

^^^Mreticallyj  the  anti-lunar  tide  would  be  less  than  the  lunar. 
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The  position  of  the  moon  owing  to  her  declination  also 
atlVH^ts  the  height  of  the  two  tides,  the  general  rule  appearing  |^ 
to  Ih>  that  south  of  the  ei^uator  when  the  sun  has  south  de- 
clination, and  north  of  the  equator  when  hLs  declination  is 
north,  tho  day  tides  are  the  highest,  and  that  in  both  hemi- 
sphoivs  tho  day  tides  ai*e  the  highest  in  summer  and  the  night 
tidos  in  winter.  The  etifect  of  the  declination  of  the  moon  in 
oausiuiT  A  variation  in  the  lunar  and  anti-lunar  tides  does  not, 
howoYor.  apjvar  to  hold  gooil  generally.  l»eing  m«>litied  by  local 
oausosw  In  this  ivuntr}'  about  two-thirds  of  the  morning  tides 
an*  luirhost,  but  thn.>Ui:hout  everv  month  of  the  vear.  and  both 
whou  tho  nivvn  has  south  and  north  declinations,  some  of  the 
ovouinc  tivios  aix*  tho  hi^host.  The  dilference  l-^tween  the  two 
U  in  {'iv{vrtion  to  tho  height  to  which  the  tides  rise  at  any 
|\»rt;v'UiAr  jvvt.  and  Ivin^  gn>ater  at  the  times  of  the  e«|uinoctial 
livic?^  A:  l.:\  orjKvl  tho  luaxiiiium  calculated  diderence.  as  taken 
:*iviv.  ::'.o  ::.u- tables,  varies  ir.iu  14  inches  to  f7  inches,  the  mean 
v.;*X'.v.i;uv.  i:u\i',:al::y  Ixtwt^n  the  twc^  diurcal  tides  being  21 
•v.chox  A:  Hull  :r.^:::  v  to  11  irichcSw  the  mean  of  the  maximum 
•,l::*v:vr,vv  Ix/.v*:  i*;  i«ch-:>.  a:v.i  :h-i  i:L^an  iifer^nce  throughoot 
:i".v-  >vjfc:  :x.v^  4  ivA:>.-.'Sw  Tikiz^  ih^  4V;:rx?e  o:  :hr  nitrht  and 
v.viv,'.v^  ::.;;>  as  rvvv:\Uvi  a:  Ivscn  LVck  ov-r  -wj  years,  the 
r.'^c?  ::>k's  Avvrt^v  ii  ir::l':«;s  hi^h-.r  :r.4a  \Zjz  zi.rcin^  tides, 
;hc  A\«*^v  v.-A.\.v.*.uv-:  ,l:5;r^£:cr:    >.:A=\:r.  4V0  sU'Ai^rrling  tides 

:>•...;  ;!.-  vdfciciC'.^JL^  jC**.  .i'.  jii  :JLf:  V  '-  — s.'-y  -lAcles.  the 
.-.  v.*-.  Jil  vv^v/x  ,/  a:  c>;c  y». i'C>  :hr:.j:^-i':.::5  ih-r  '*':rli  does 
•^,s  i". .-.x di.  ..*'../.-  Jti -^  ^\ v.^ raL  \i*v  r!i.i  1*, ^rr^I  inej ualitv 
.vwi.'.',>  v.*  ^X't-i  J.:  >vi..','  viu*.r>  a>  :.-  ^•4:1^^  :^y  :c-r  liie  in 
;>v.  ,ii>  ics  ■;  ;>-,  ^•.  .  ,l  \,vo.\  a.  Sfc*XK-r  iz.  ih-i  Red  Sea, 
AU^vi.  A-  .V  S.'i'.i.. -i.  lT^iL:'.'.>  :i  ;>vj  V!t<t.ic.  Cti  ?cc::»f  ^^&ns  of 
,!k  ,v»fcsi  ,fc  Vi2s::T»-\k.  v  »v,.v  „ji.  ...ic!j>  ir^  3i ici:  ::z^'2e2k:ed  by 
.jc  '■  "i^-iL  vvii..  /...^  .V  Avviii  ;v'  ^ic  j-'ituac  4j£»is  ar^  «  feet 
'Ki^u^i  ,4dia  ;:K-  'li*.  i  •*..:*;;  ,.v;v'>^  ^ni  :l  -^'irCv-'C^-c  a3.ii  N: Timber 
Wvr  >j*vt><:  N  i-K  ,"*.>«:.  Vj  :^'>-ik  -  ,j«j  ^'''jaiXiic  ^'i'lS  ar^  2  feet 
90^  i<;t^i^  it  Z  liiK  iavA  >'a^>  Ail*:  ^c  "^-vrs^  n,  TinxcLC^r  and 
>.  A^  Jkist-Ui  vw«k>i:,  Aavi  ^vui .?*>  iau  s:ani  .ch-er  T'Orts 
lb*  b^Utttt  «Mfea^  ^t^    a^  ^   .::i^'\^uv>.    4  .HM  a3>i  a  half  to 
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In  other  places  the  inequftlity  affects  the  low  water  more 
tban  high  water.  At  Prince  Edward's  Island  low  water  varies 
between  3J  inches  to  SJ  feet,  and  at  Singapore  the  low-water 
leyel  varies  0  feet. 

As  regards  the  tides  of  new  and  full  moon,  tlie  furraer  under 
I      oonnal    conditions    are    invariahly   the    highest.     Taking   an 
average  over  a  year  of  three  ports  on  different  aides  of  the  coast, 
the  new  moon  tides  are  4  inches  higher  than  those  of  the  full 
mooD. 

The  tides  which  reach  the  coasts  of  the  earth  dming  the 

eonrae  of  a  year  are  thus  due  to  a  number  of  disturbing  causes 

ftrisiog  from  the  varying  distances,  at  different  periods,  of  the 

tide-producing  agents,  and  of  the  changes  of  certain  elements 

B  their  orbits.     The  tidal  wave  may  therefore  be  regarded  as 

Tfieault  of  tlie  superposition  of  a  number  of  smaller  waves 

1  at  different  periods  and  of  varying  amplitudes. 

B addition  to  the  ordinary  distuibance  caused  by  the  lunar 

I  aoti'lunar   and    solar   and    anti-solar    influences.   Sir   W. 

Iipson  has  enumerated  the  following  as  having  to  be  taken 

^Bocount  in  calculating  the  period  and  height  of  the  tides : — 

The  Intutr  tnoathly  and  aolur  anDual      ...  ...  ...  2 

The  lunar  IbrtaighU;  atiU  solar  «emi-Dnn ml  ...  ...  :: 

The  Inou  and  aolor  iliurual  due  to  declitiuliou  ...  ...  4 

Hie  loDar  and  solar  itciai-ili urnal            ...  ...  ...  -i 

The  lanar  and  soUr  elliptio  diurnal       ...  ...  ...  7 

Tha  lunar  and  solar  elliptic  >eiDi-diuniul  ...  ...  4 

The  innsr  atul  eolar  decliuatianal  semi-diatnal  ...  ...  2 


The  tidal  effects  in  actual  operation  vary  very  considerably 
firom  the  theoretical  conditions  which  have  been  described.     It 

already  been  pointed  out  that  there  is  only  the  narrow  belt 
of  the  Soatbem  Ocean  where  the  luminanes  can  freely  act  in 
the  tides.  It  is  not  possible  to  ascertain  with  any 
of  accuracy  the  amount  of  elevation  and  depression  that 

•  fjace  in  the  open  sea.     It  is  only  on  the  coast  where  this 

be  aaoertained.  The  observations  which  have  been  made 
in  the  Soathem  Ocean  are  of  too  limited  a  character  to  allow 
of  tbe  movement  of  the  tides  being  relied  on  with  any  degree 
of  CBrteiDty,  bat  from  such  observations  as  have  been  made  on 
tbe  UlatKis  in  the  open  ocean,  it  may  be  a^^iumed  that  tbe  ri»e 
■ad  Ikll  of  the  tide  does  not  exceed  two  feet.     Tliis  agrees  with 


1 

i 
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tho  theoretical  variation  of  level  as  given  by  Sir  George  Airey. 
Ifo  has  calculated  that  the  height  of  the  tidal  wave  following 
tho  moon  over  the  open  ocean  is  at  springs  1*34  foot,  due  to  the 
moon,  and  OGl  foot,  due  to  the  sun,  or  a  total  elevation  of  the 
wattM*  of  rO.*)  foot.  At  neaps  the  negative  influence  of  the  sun, 
he  calculated,  diminished  that  due  to  the  moon  0*61  foot,  making 
tlio  rise  0  73  foot ;  the  rise  of  spring  tides  being  thus  theoretically 
AM  ll>r>  to  073  foot  This  will  be  found  to  accord  generally 
with  tho  actual  facts. 

Tho  tidal  waves  which  afiect  all  the  waters  of  the  earth  may 
Im>  dividinl  into  five  classes  : — 

1.  Tho  groat  primary  wave  of  the  Southern  Ocean,  which  is 
tlirtHi'tlv  duo  to  tho  influence  of  the  sun  and  moon.  This  wave 
tliH^  not  undulato  in  the  ordinary  sense  of  the  word,  for  its 

crt^st  ahvavs  movos  forward  in  one  direction.     Its  rise  and  fall 

* 

may  Ih^  t^ikon  as  two  feet  at  spring  tides,  and  nine  inches  at 

2.  Tho  iHH^n  tidal  wave,  propagated  from  this  primary  wave 
into  tho  Atlantic  and  tho  Pacific,  receiving  its  impulse  from  it, 
aiul  which  undnUtos  altomatelv  backwards  and  forwards  as  the 
ci>>st  or  tho  tnnigh  of  tho  primary  wave  passes  the  points  of  eon- 
Uivtion.  Its  lino  of  direction  is  at  right  angles  to  the  course  of 
tho  tulo  puvluoing  a^Mit^s  and  to  that  of  the  primary  wave.  In 
tho  o)vn  )vi\i  of  tho  ^vivui  the  ri$e  and  fall  of  this  wave  is  the 
Nimo  An  th;it  frvMu  which  it  i^^  ^^nerated. 

^v  rho  vNVAst  tido.  This  is  ^leriv^i  frv>m  that  of  the  ocean, 
l^ut  ^^'to^xsJ  n\  oV.Ai-Actov  owin^  to  it*  iih>tiv*n  being  cheeked  by 
«\M^>u\^  n\  \NNnt4^ot  w  ith  tho  cv>ast^  and  thus  becomes  raised  above 
t5^o  \)xv«t)>a'.  ;o>v;  V\  ?ho  n>v\i\>i:"^ii;ur::  *>f  the  wave.  Tie  height  of 
tV,^\  iuio  >*v^on  ai  oxo^v  oiflli*T\'«t  *.^an  of  the  coast. 

%.  rh«'  *\NT;;gi*\  u,W  This  ^  lifcivAi  frv4n  the  oeean  tide, 
>>«t  aW  \a«<>>  ^.v«  the  S',^:^,t  %>.v>.  n  ra^**  a&d  fidls,  do©  to  the 
\\si^lv,>^^  a:iHl  «^N|)^  ^>8:  i!S«^  os9;varr.  TV  zo.xtteDtnm  in  extreme 
;>a!ArN  ^mvi^rvN  iV  x^^v.^;  tv»^  a  >w<y:i:  ,*c  T^icrr  cc  thirty  times  as 
^iv^l  as$^  I V  ^\>^M^  i^Wv 

\  tW  >^x^^  i>«Wv  T^is  ^^j;:<ft«^>r  :«naj:<fi»  cif  the  cbaneter 
^  Wlfe^  411  I^W  «ii^  ;ii  <^Mic>r^iti^  n^^  idSf  i>  pr.^Migated  up  the 
llw^  >M%M  %W  ^«i^!^  >$.  c4  >i^JKcti^o:i  Sicc iL  as  a  siudi  sreater 
WM  liiM  M  %)^>)i  ^itr  l>4a^  c«;r:^fa>i  rc3&>  iip  the  channel 
^  ^  HM  ;i«diik«rM  V  aI:V  «  «*c  i^  d«e  cutnooe  of 
I^WJ^4^^i»^  ^-iiacrsttiit  ^  v^iehr  of  whidi 


Hometinies  is  gi-eat,  and  ■  iccanionally  results  in  the  creation  of 
a  bore. 

Although  we  have  no  direct  obseivationH  confirming  the  fact, 
tides  must  be  generated  both  in  tlie  Pacific  and  Atlantic.  The 
conditions  in  these  oceans  are  not  favourable  to  the  formation 
•if  a  fi'ee  tide  wave,  and  only  a  single  tide  can  be  generated  in 
twenty-four  hours.  The  wave  raised  in  the  Atlantic  when  the 
moon  reaches  the  east  side  of  the  ocean,  and  progn^ssing  with 
her  to  the  west  side,  is  stopped  tliere  by  the  land  on  the 
coast  of  America,  whence  it  is  reflected  back,  and  so  undulates 
lockwards  and  forwards,  and  assists  in  its  own  destruction. 
Takinj^  the  distance  as  three  thousand  miles,  it  would  take  four 
mud  a  half  Jiuurs  for  such  a  wave  to  cross.  It  is,  however,  also 
met  and  absorbed  by  the  tide  cominjf  fi-oin  the  Southern  Ocean, 
increasing  its  elevation.  The  tide^  generally  north  of  a  line 
•Irawn  across  the  Atlantic  appear  to  be  higher  than  those  on  the 

0  that  some  such  effect  as  that  here  described  probably 
ce  place. 

t  the  Mediterranean,  which  has  the  same  direction  as  the 

idt  of  the  moon,  there  is  an  undulation  and  tidal  rise  and 

I  from  six  inches  to  a  foot  and  a  half,  which  cannot 

■MeouQt«d  for  by  the  volume  of  water  which  passes  through 

M  Stimits  of  Gibraltar.    In  the  inland  seas,  such  as  the  Caspian, 

:  Sefl,  and  the  Baltic,  there  is  no  doubt  a  rise  and  fall 

otlie  action  of  the  sun  and  moon,  but  the  moon's  transit 

I  these  seas  is  too  rapid  to  allow  of  the  generation  of  an 

Me  wave.     Close  observation  has,  however,  detected  a 

1  &U  of  about  three  inches  on  one  of  the  inland  lakes  of 
icident  with  the  transit  of  the  moon. 

0  fiilly  realize  the  action  of  the  tidal  wave  in  its  progress 

e  Soathem  Ocean  to  these  shores,  it  is  desirable  to  have 

r  idea  of  the  phenomenon  of  the  ordinaiy  oscillating  waves 

and  what  Mr.  Scott  Russell  has  denominated  the 

t  pnmMry  tidal  wave. 

wave  of  oscillation,  the  moving  forward,  or  travel  of  the 

b  more  apparent  than  reaL     The  crest  and   trough 

ihrrr.  and  ho  the  form  moves,  but  the  particles  of  water 

I  beyond  the  length  of  the  wave,  or  from  crest  to 

~i  to  Uongb.     This  will  be  seen  from  the  digram 


mt  the  surfiiee^ 
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the  theoretical  variation  of  level  as  given  by  Sir  Qeorge  Aire 
Ha  has  calculated  that  the  height  of  the  tidal  wave  followii 
the  moon  over  the  open  ocean  is  at  springs  1'34  foot,  due  to  tf 
moon,  and  OCl  foot,  due  to  the  sun,  or  a  total  elevation  oft! 
water  of  105  foot.  At  neaps  the  negative  influence  of  thestt 
he  calculated,  diminished  that  due  to  the  moon  0'61  foot,  makin 
the  rise  0  73  foot;  the  rise  of  spring  tides  being  thus  tbeoreticallj 
as  195  to  073  foot.  This  will  be  found  to  accoi-d  generolljl 
with  the  actual  faet^. 

The  tidal  waves  whicli  affect  all  the  waters  of  the  earth  n 
be  divided  into  five  classes  ; — 

1.  The  great  primary  wave  of  the  Southern  Ocean,  whicli  i 
ilirectly  due  to  the  influence  of  the  sun  and  moon.  This  w 
does  not  undulate  in  the  ordinary  sense  of  the  word,  for  if 
crest  always  moves  forward  in  one  direction.  Its  rise  and  f 
may  be  taken  as  two  feet  at  spring  tides,  and  nine  inches  i 
neaps. 

2.  The  ocean  tidal  wave,  propagated  from  this  primary  waw 
into  the  Atlantic  and  the  Pacific,  receiving  its  impulse  from  i^ 
and  which  undulates  alternately  backwards  and  forwards  aa  tl 
crest  or  the  trough  of  the  primary  wave  passes  the  points  of  col 
nection.  Its  line  of  direction  is  at  right  angles  to  the  course  <l 
the  tide -producing  agents,  and  to  that  of  the  primary  wave, 
the  open  part  of  the  ocean  the  rise  and  fall  of  this  wave  is  tht 
same  as  that  from  which  it  is  generated. 

3.  The  coast  tide.  This  is  derived  from  that  of  Ae  oceai^ 
but  altered  in  character  owing  to  its  motion  being  checked  l>|r 
coming  in  contact  with  the  coast,  and  thus  becomes  raised  abo 
the  normal  level  by  the  momentum  of  the  wave.  The  height  0 
this  tide  varies  at  every  different  part  of  the  coast. 

4.  The  estuary  tide.  This  is  derived  from  the  ocean  tidi 
but  also  varies  in  the  height  which  it  rises  and  falls,  due  to  0 
contour  and  depth  of  the  estuary.  The  momentum  in  extren 
cases  raises  the  water  to  a  height  of  twenty  or  thirty  times  I 
great  as  the  ocean  tide. 

5.  The  river  tide.  This  generally  partakes  of  the  characU 
of  both  a  tide  and  a  current.  The  tide  is  propagated  up  Qi 
river,  when  the  water  is  of  sufficient  depth,  at  a  much  greab 
rate  than  that  at  which  the  tidal  current  runs  up  the  chaniu 
When  the  depth  is  not  sufficient  to  allow  of  the  free  entrance  ■ 
the  tide,  the  result  is  only  a  tidal  current,  the  velocity  of  whi( 
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lOmetiRics  is  great,  and  nccasionally  results  in  the  creation  of 
\  bore. 

'  Although  we  have  no  ilirect  observations  confirming  the  fact, 
tides  iiiuat  be  generated  both  in  the  Pacific  and  Atlantic.  The 
^nrlitions  in  these  oceans  are  not  favourable  to  the  formation 
tif  ft  free  tide  wave,  and  only  a  single  titie  can  be  generated  in 
■twenty-four  hours.  The  wave  raised  in  the  Atlantic  when  the 
moon  reaches  the  east  side  of  the  ocean,  and  progressing  with 
her  to  the  west  side,  is  stopped  there  by  the  land  on  the 
coast  of  America,  whence  it  is  reflected  back,  and  so  undulates 
I  backwards  an<l  forwards,  and  assists  in  its  own  destruction. 
Taking  the  distance  as  three  thousand  miles,  it  would  take  four 
i  and  a  half  hours  for  such  a  wave  to  cross.  It  is,  however,  also 
met  and  absorbed  by  the  tide  coming  from  the  Southern  Ocean, 
increasing  its  elevation.  The  tides  generally  north  of  a  line 
drawn  across  the  Atlantic  appear  to  ho  higher  than  those  on  the 
lOBtb,  so  that  some  such  effect  as  that  here  described  probably 
does  take  place, 
I  In  the  Mediterranean,  which  has  the  same  direction  as  the 
traotilt  of  the  moon,  there  is  an  undulation  and  tidal  rise  and 
&U  var^'tng  from  six  inches  to  a  foot  and  a  half,  which  cannot 
be  accounted  for  by  the  volume  of  water  which  passes  through 
the  Straits  of  Gibraltar.  In  the  inland  seas,  such  as  the  Caspian, 
-the  Black  Sea,  and  the  Baltic,  there  is  no  doubt  a  lise  and  fall 
■lue  to  the  action  of  the  sun  and  monn,  but  the  moon's  transit 
across  these  seas  is  too  rapid  to  allow  of  the  generation  of  an 
appreciable  wave.  Close  observation  has,  however,  detected  a 
rise  and  fall  of  about  three  inches  on  one  of  the  inland  lakes  of 
America  coincident  with  the  transit  of  the  moon. 

To  fully  realize  the  action  of  the  tidal  wave  in  its  progress 
from  the  Southera  Ocean  to  these  shores,  it  is  desirable  to  have 
a  clear  idea  of  the  phenomenon  of  the  ordinary  oscillating  waves 
of  the  ocean,  and  ivhat  Mr.  Scott  Russell  has  denominated  the 
great  primary  tidal  wave. 

In  a  wave  of  oscillation,  the  moving  forward,  or  travel  of  the 
particles,  is  more  apparent  than  real.  The  crest  and  trough 
change  places,  and  so  the  form  moves,  but  the  particles  of  water 
do  not  travel  beyond  the  length  of  the  wave,  or  from  crest  to 
crest  and  trough  to  trough.  This  will  be  seen  from  the  diagram 
in  Fig.  9. 

A,  B,  C  represent  the  surface  of  the  water,  A  and  C  being 
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the  momentam  whieh  the  w&ter  haa  seqaired  from  the  ocean 
tide  ware  being  expended  in  lifting  the  water  ot  hempii^  it  np. 
As  the  wave  adraneea  and  ita  momentimi  is  ahsorbed  by  thi» 
proeesa,  and  aLio  in  oT^eoming  the  momentnin  of  the  iiTer- 
water  eoming  in  an  opposite  direction,  and  the  firietioa  along 
the  channel,  \\a  height  gradually  diminishes,  until  the  efiect 
ia  exhaasted  and  deatroyed. 

ZSeetof  AtBoqAniePteanva. — There  are  occasional  disturfaii^ 
causes  which  cannot  be  calcxdated,  and  which  caose  the  tides  to 
rise  higher  or  fall  lower  than  the  calculated  heights  giren  in  the 
Tide  Tables,  The  pressure  of  the  atmosphere  on  the  sorfiMe  of 
the  ocean  has  a  material  effect  on  the  height,  the  surfiMe  of  the 
water  varying  inversely  as  the  ]PJ|££^S^  hi  the  barometer.  As 
the  pressure  of  the  atmosphere  is  cGveased  and  the  mercury  rises 
the  water  in  the  ocean  is  depressed.  Mr.  Lubbock,  in  his  investi- 
gations into  the  tides  of  the  Thames,  found  that  a  rise  of  one  inch 
in  the  barometer  caused  a  depression  in  the  height  of  high  water 
amoantiDg  to  7  inches  in  London,  11  inches  at  Liverpool,  and 
\%\  at  Bristol,  the  difference  being  about  in  prop^vtion  to  the 
greater  rise  of  tide  at  each  port.  A  sudden  fall  in  the  barometer, 
on  the  other  hand,  leads  to  an  increase  in  the  height  of  the  tide. 
In  the  French  Annu/iire  des  Hare^  a  table  is  given  c^  dedactioos 
to  ^le  made  from  the  calculated  height  of  the  tide  in  each  centi- 
metre of  rise  in  the  mercury,  from  3(HX)  to  30'70  inches,  the 
total  allowance  for  the  070  inch  rise  being  10^  inches.  No 
calculation  is  given  for  any  other  height  of  the  barometer.  It 
may  l>e  assum^  that  approximately  a  variation  in  the  height 
of  the  barometer  of  one  inch  makes  a  difference  of  0'35  inch 
for  every  foot  the  tide  rises  at  any  particular  place. 

Effect  of  the  Wind. — The  force  and  direction  of  the  wind  also 
have  a  material  influence  both  on  the  height  of  the  high  and  low 
water  in  a  river.  The  amount  of  effect  on  the  tides  of  any 
particular  port  will  depend  on  its  situation  and  exposure.  The 
wind  blowing  on  any  large  sheet  of  water  alters  the  level  of  the 
surface,  depressing  it  on  the  windward  side,  and  raising  it  on 
the  lee  side.  Where  winds  prevail  from  the  same  direction  for 
long  periods  they  are  the  cause  of  a  continual  current  in  one 
direction,  a  phenomena  that  is  often  to  be  met  with  in  inland 
seas,  and  which  has  a  material  bearing  in  the  direction  which 
should  be  given  to  piers  carried  out  for  the  purpose  of  deepening 
the  channels  of  the  rivers  which  discharge  into  these  sqas.     The 
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author  has  found  that  a  stronj;  wind  has  the  effect  of  altering 
the  level  of  the  water  in  an  inland  lake  about  half  a  mile  across 
as  much  as  9  inches  between  the  windward  and  the  lee  side. 
In  a  large  inland  sea,  the  effect  of  the  wind  has  to  be  taken  into 
consideration  in  the  navigation  and  berthing  of  vessels,  a  shift 
in  the  wind  having  the  same  effect  as  a  tide,  and  causing  either 
deep  or  shoal  water.  Thus  in  the  Caspian  the  wind  i-aiaes  or 
ilepresses  the  water  fi  feet,  according  to  its  direction,  making  a 
total  variation  of  12  feet,  A  signal-boat  is  stationed  at  the 
roadstead  at  the  mouth  of  the  Volga,  to  indicate  to  mariners  the 
depth  of  water  available.  On  the  coast  of  Holland  in  the  North 
Sea,  heavy  gales  sometimes  raise  the  tide  at  Ymuiden  from  its 
normal  height  of  3  feet  to  10  feet. 

Gales  which  have  their  direction  the  same  as  that  of  the  main 
set  of  the  flood  stream  cause  high  water  to  be  raised  above  its 
normal  or  calculated  height,  and  those  which  have  their  direction 
the  same  as  the  main  set  of  the  ebb  stream  depress  the  low  water 
to  an  equal  extent.  Thus  on  the  West  Cioast  in  the  Irish  sea,  a 
south-west  gale  causes  a  high  tide  in  the  Mersey  and  the  Ribble 
estuaries,  and  when  from  the  opposite  dii'ection  a  low  ebb.  On 
the  East  Coast  gales  from  the  north-east  to  north-west,  especially 
when  accompanied  by  a  low  barometer,  raise  the  tides  from 
Pentland  Firth  to  the  Thames  from  2  to  3  feet,  and  cause  them 
to  flow  half  an  hour  earlier.  South-east  to  south-we.'^t  winds 
produce  the  opposite  effect.  The  effect  of  such  gales  extends  to 
the  English  Channel,  and  is  felt  as  low  down  as  Dungeness. 

The  difference  in  height  depends  on  the  force  and  continuance 
of  the  gale.  A  rough  approximation  may  be  taken  that  a  strong 
gale  will  laise  the  high-water  level  as  many  inches  above  its 
calculated  height,  as  given  in  the  Tide  Tables,  as  the  tide  rises 
in  feet.  Thus  a  tide  given  as  rising  20  feet  above  low  water 
would  be  increased  to  21  feet  8  inches. 

Tlie  conjunction  of  the  following  cii'cum stances  would  result 
in  an  extreme  high  tide :  A  spring  tide  at  the  time  of  the 
ixgninox  with  the  moon  in  perigee;  a  strong  gale  blowing  con- 
tinaoQsly  in  the  same  direction  as  the  flowing  tide  in  the  open 
sea  and  suddenly  changing  to  an  on-shoro  wind  on  the  rising 
tide ;  and  a  sudden  depression  in  the  barometer  occurring  at  the 
SADW  period. 

Five  times  during  the  present  century  the  winds  have  caused 
tides   in   the  Wash  to  rise   more   than  4   feet   above   the 
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ordinary  level  of  spring  tides.  In  the  Thames  the  differenc* 
between  two  successive  tides  has  amounted  to  as  mach  as  7  feet 
6  inches,  the  average  variation  of  twenty-two  successive  tidw 
following  gales  being  about  5  feet.  The  rise  above  Trinity 
standard  at  periods  varj-ing  from  two  to  five  years  has  been 
from  3i  to  4|  feet;  neap  tides  also  being  raised  as  much  aa 
4  feet  4  inches  above  the  calculated  height.  The  highest  known  : 
tide  in  the  Thames  was  that  of  January,  1877,  which  rose  ♦ 
feet  3  inches  above  Trinity  standard  and  3  feet  4  iochee  above 
the  calculated  rise.  Taking  four  tides,  which  rose  fi-om  3  feet 
ft  inches  to  4  feet  3  inches  above  Trinity  standard,  and  allow'ing 
22  feet  as  the  range  of  the  tide,  this  would  give  1^  inch  extra 
rise  for  every  foot  of  range.  At  Liverpool,  when  the  range  of 
a  spring  tide  is  about  27  feet,  strong  gales  make  a  difference 
in  the  height  of  spring  tides  of  -i  feet. 

The  wind  also  considerably  aft'ects  the  level  of  low  wat«r, , 
depressing  this  in  strong  gales  blowing  in  the  direction  of  Uie 
ebb  current.  On  the  coast  of  Holland  strong  winds  fi-om  the 
Mouth-east  have  caused  two  extraordinarily  low  consecutive 
ebbs  to  follow  one  another  with  a  very  slight  rise  between, 
even  this  remaining  below  mean  low-water  level.  In  the  I* 
Plata  Iieavy  gales  from  the  north-east  to  north-west  cause 
the  water  to  rise  above  its  ordinary  level  8  feet  and  to  fell 
4  feet  below,  making  a  difference  of  12  feet  in  the  level  of  Ion- 
water. 

Aiter  heavy  gales  it  occasionally  happens  that  the  tide  in  a 
river,  after  attaining  its  height  and  having  commenced  to  ebh 
for  some  time,  will  flow  again  and  lise  higher  on  the  second  flow 
than  at  the  first. 

High  tides  are  always  accompanied  by  low  ebbs,  the  water 
heaped  up  in  one  place  being  dranTi  away  from  another. 

Tidal  Fecnliaritiea. — The  tides  around  the  coast  in  many 
places  depart  from  the  regularity  which  occms  in  the  open 
ocean;  thus  in  the  English  Channel  the  tidal  wave  setting  inta ' 
the  Bay  of  St.  Malo  causes  the  water  to  rise  at  springs  at  Brehufc ' 
39  feet,  and  at  neaps  at  23^  feet.  At  St.  Malo  the  rise  is  as 
much  as  44^  feet  at  liigh  spring  tides.  Round  Guernsey  tide 
and  half  tide  prevail,  and  generally  round  the  Channel  Islands 
the  tidal  stream  changes  its  direction  by  a  rotary  motion  from- 
east  by  north  to  west  and  south,  making  a  complete  circuit  iA 
the  compass  in  a  little  over  12  hours.      The  current  is  also 


extremely  rapid  in  places,  increasini^  about  H  knots  in  the  offing 
off  Guerasey  to  4^  near  tlie  island  and  over  7  between  the 
iabtids. 

In  the  Bay  o£  Calvadoii  there  is  a  long  period  of  slack  at 
hijih  water.  At  Havre  the  slack  of  high  water  lasts  practically 
34  liour.9.  Actual  slack  lasts  for  an  hour ;  for  the  next  hour  the 
level  only  varies  from  3  to  -t  inches.  During  3  hours  the  tide 
only  rises  and  falls  13  inches.  Thus  spring  tides,  which  rise 
23  feet,  flow  for  3^  hours,  remain  almost  stationary  2^  hours,  and 
ebb  6J  hours.  At  HonHeur  the  time  of  slack  water  lasts  from 
15  to  20  minute.s,  hut  the  variation  in  level  from  half  an  hour 
befoi-e  to  half  an  hour  after  high  water  is  only  from  3  to  4 
inches.  This  period  of  still  water  is  caused  by  a  second  tidal 
wave  following  on  the  fii-st,  which  bends  into  the  bay  and, 
striking  the  Cotentin  peninsula,  ti-avels  afterwai-da  along  the 
coast  of  Calvados,  and  reaches  Havre  later  than  the  tide  which 
has  already  come  from  the  other  direction.  There  is  also  a  long 
interval  of  slack  at  low  water  in  front  of  Havre.  The  difference 
in  the  rise  between  springs  and  neaps  is  also  abnormal,  the 
Utter  rising  9*84  feet,  and  the  former  23  feet. 

On  the  north  side  of  the  English  Channel,  in  Poole  Harbour, 
the  tide  stands  nearly  at  the  level  of  high  water  for  about  3^ 
hours,  there  being  two  periods  of  high  water  here,  the  second 
being  3^  hours  after  the  first.  The  tides  at  this  part  of  the 
Channel  present  a  great  contrast  to  those  in  the  Bay  of  St. 
Malo,  springs  only  rising  64  feet,  and  neaps  4f  feet.  At  Christ-  ■ 
ehnrch,  .Swanage,  and  Southampton  there  are  also  two  high 
waters,  the  fii-st  liigli  water  being  2^  hours  before  the  second 
at  Ohristchurch,  4  hours  at  Swanage,  and  2  hours  at  South- 
ampton. The  Islo  of  Wight  being  situated  across  the  entrance 
to  Southampton  Water,  a  jMrtion  of  the  great  tidal  wave,  in 
iUi  progress  up  the  Channel,  becomes  separated  from  the  main 
body,  and.  tlowing  up  the  Needle-s  passage  into  the  Solent, 
reaches  Southampton,  and  causes  the  Hrst  tide  about  the  same 
time  that  the  main  body  anives  at  Ounnose  Point.  This  tide, 
tieginning  to  ebb,  is  stopped  and  driven  back  again  by  the  main 
stream  from  Spithead.  After  low  water  the  tide  rises  steadily 
for  7  hours,  which  causes  the  first  high  water;  it  then  ebbs  for 
an  hour  y  inches,  and  then  commences  to  rise  again.  In  IJ 
hour  it  reachus  abf^ut  G  inches  higher  than  its  former  level ; 
lltb  is  the  second  high  water.     The  influence  of  this  second  tide 
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«:'xX0XiAsK  M  &r  »  PorcIazMi  has  w^'^cward  o^T  2ML  AQma'^  Hc^d  it 
eofVMiA  «>  T^fAT  chi^  time  'if  Lj^  w^^kc^r  adiI  caoKft  io  lottll  a  rise 
thj!bf>  Lr>  U  fsikL\fiA  zb^  ^fXTjmi  Iajw  w&&^.  die  iimAwwdiatif  rise 
V^l^^  ^kd  the  '^cnliitit.  Ac  Lol^'irch.  die  fine  S»>w  vaser  lakes 
piae^  ^  hoim  after  hl;^  ^ater :  the  gtxUer  tfacn  rises  tar  1| 
h^^nr  fr^m  5  tr>  7  laAe^  and  the  ^eeood  loiw  water  cccon  ^  hooii 
a/cer  the  z^fier  hafi  eeaised  rUzzt^  A&  WerBbovth  the  tame  of 
tint  and  ^tecond  low  water  U  nearir  tike  9umt  as  at  Lohrortk, 
t^ie  me  of  the  gnlder  beiiL;^  somewhat  greater.  At  Pcitlaiid 
BreaktA'ater  the  tint  low  water  »  5  hofon  afker  high  water,  and 
the  second  3  hoan  later.  At  ihe  Nab  Rock,  where  the  tidil 
4tr«am  throa^h  Spitbead  and  round  Dunnoae  meet,  the  tides  are 
rotary,  the  fint  of  flood  ^tting  east  and  jfxng  north-west  a  little 
before  hi^fa  water,  the  ebb  setting  westward  and  round  by  sooth 
Uf  the  ea<it  There  is  also  aiM>ther  pecoliarity  aboot  the  tides  in 
this  part  of  the  Channel,  the  flood  tide  at  Chichester,  Tdangsfaw, 
Soathampton,  and  Portsmoath,  and  the  other  harbours  in  the 
Solent,  lasting  about  2  hours  longer  than  the  ebb,  the  flood  oon* 
/  ^  tinainj^  7  hours,  and  the  ebb  5  hours  only.  This  is  oocasioDed 
by  the  ;iecond  flood  stream  coming  round  the  east  of  the  Isle 
of  Wight  and  joining  that  from  the  west.  After  this  aeoessiott 
the  ri.se  of  the  tide  becomes  more  rapid,  which  accelerates 
the  filling  of  the  harbours  and  prolongs  the  natural  duntion 
of  the  flood. 

In  the  Bristol  Channel  the  variation  in  the  level  of  the  tide 
is  very  abnormal.  At  the  entrance  between  Bude  Haven  and 
Pembroke  the  rise  of  ordinary  spring  tides  is  23  feet.  Where 
the  channel  terminates  and  the  Severn  commences,  about  the 
mouth  of  the  river  Avon,  the  rise  is  40  feet ;  owing  to  the  shoal- 
ing and  contraction  of  the  waterway  the  tide  then  falls  oflT,  the 
riHc  at  Gloucester  being  only  5^  feet.  The  tides  running  out 
of  the  Severn  up  the  Wye  are  the  highest  in  this  country.  The 
water  is  so  gorged  up  this  river  that  exceptionally  high  tides 
rise  above  low  water  of  spring  tides  at  Chepstow  Bridge  50  feet, 
J  the  maximum  recorded  distance  between  extreme  low  and  ex- 

treme high  water  being  53  feet.  The  actual  rise  above  the 
mean  level  of  the  sea  is  about  23^  feet  for  an  ordinary  sprii^; 
tide,  and  20}  feet  for  an  extraordinaiy  tide ;  so  that  the  extreme 
variation  is  due  partly  to  the  heaping  up  of  the  water  and 
partly  t^j  the  water  being  drawn  out,  the  trough  of  the  tidal 
wave  descending  nearly  as  much  below  the  mean  level  of  the 
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sea  as  the  crest  rises  above  it.  In  1839,  a  committee  of  the 
British  Association  had  a  series  of  levels  run  from  Portishead 
in  the  Bristol  Channel  to  Axmouth  in  the  English  Channel,  and 
also  a  series  of  observations  of  the  tides  taken  at  each  of  these 
places,  in  order  to  determine  the  difference  of  level  of  the  surface 
of  the  water  at  tide  time  at  the  two  places.  The  result  showed 
that,  with  a  mean  tide  rising  35^  feet  at  Portishead  and  10  feet 
at  Axmouth,  the  mean  level  of  the  sea  was  only  9  inches  higher 
at  the  former  place  than  at  the  latter.  The  high-water  level 
rose  13*6  feet  higher  at  Portishead  than  at  Axmouth,  and  the 
low  water  fell  12'14  lower,  making  the  total  difference  in  the 
level  of  high  and  low  water  of  2574  feet. 

In  St.  George's  Channel  leading  to  the  Irish  Sea  the  tide 
sets  from  tlie  south-west  towards  the  west  coast  of  Wales,  and 
while  the  tidal  wave  rises  from  14  to  15  feet  in  Cardigan  Bay, 
the  rise  on  the  coast  of  Ireland  on  the  opposite  side  is  only  from 
3^  to  4  feet.  In  the  Irish  Sea  the  tide  sets  directly  towards 
liverpool  Bay  both  from  the  north  and  from  the  south,  causing 
a  got;ging  up.  While  at  Holyhead  the  rise  is  only  16  feet,  in 
Liverpool  Bay  it  is  27^  feet ;  on  the  opposite  Irish  coast  the  rise 
18  only  frcMn  12  to  13  feet.  South  of  the  Isle  of  Man,  although 
the  rise  of  the  tide  is  18  feet,  there  is  an  area  of  perpetual  slack 
water;  while  between  the  Tuskars  and  Arklow,  although  there 
is  a  rise  in  one  part  of  only  from  1  to  2  feet,  there  is  a  strong 
tidal  conenL 

The  most  disturbed  condition  of  the  tides  round  the  coast  of 
the  British  Islands  is  on  the  north  of  Scotland,  l>etween  the 
mainland  and  the  islands  of  Shetland  and  Orkney.  Owing  to 
the  opporiiion  caused  to  the  tidal  wave  from  the  Atlantic,  the 
Telodlj  and  turbulence  of  the  tidal  stream  is  so  great  in  Pent- 
knd  Firtli  that  when  strong  gales  prevail  at  spring  tides  the  sea 
11  noi  navigable.  On  some  parts  of  the  shores  of  the  Orkneys 
fhe  bveakins  rise  to  a  height  of  60  feet,  and  the  tidal  current 
fliTiHigh  the  firth  with  a  velocit}'  of  7  to  8  knots,  and  in 

nearly  11  knots.  Between  one  side  of  Sanday 
%  the  distance  being  only  half  a  mile,  the  difference 
iabfcl  cf  the  sea  is  nearly  5  feet,  and  high  water  is  1 2  hour 
Ae  east  than  on  the  west  side.  The  effect  of  the  tidal 
I  Ae  whole  mass  of  water  and  throu<rhout  its  whole 
^«|ft  iaendeneed  by  the  fact  that  the  position  of  shoal  ridges 

to  47  fathoms  is  indicated  in  calm  weather  \}\ 
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ripples  on  the  surface,  and  when  the  stream  is  only  moving  at 
the  rate  of  a  knot. 

On  the  East  Coast,  the  tide  setting  into  Lynn  Well  aflFords 
an  illustration  of  what  is  known  as  "tide  and  half  tide."  The 
flood  running  up  Lynn  Well  strikes  the  head  of  the  bay,  and  at 
about  the  time  of  half  flood  is  split  into  two  parts,  one  current 
continuing  south-east  along  the  centre  of  the  Well,  and  up  the 
rivers  Ouse  and  Nene,  and  the  other  running  in  the  opposite 
direction,  and  to  the  east  along  the  Norfolk  coast,  the  tidal 
stream  thus  running  in  opposite  directions  at  the  same  time. 

In  the  North  Sea  off*  the  Wash,  the  tides  have  in  places  a 
rotary  motion.     Outside  the  Dowsing  and  Docking  shoals  the 
tide  never  slackens,  the  first  quarter  flood  running  from  north- 
west, the  second  quarter  from  north-east,  last  half  of  the  flood 
and  the  first  quarter  of  ebb  from  east  to  south-south-east ;  half 
ebb    to    low  water,  from  south-west  to  west-north-west,  the 
sti-ength  continuing  about  2^  to  3  knots.     At  the  Dudgeon  shoal 
the  tidal  stream  iJso  never  slackens,  making  a  complete  circuit 
of  the  compass  in  12  hours.     Between  Cromer  and  Wintertou 
the  tidal  wave  is  much  retarded,  taking  1^  hour  to  travel  a 
distance  of  25  miles,  and  the  rise  and  fall  decreasing  from  about 
15  feet  at  Cromer  to  8  feet  at  Winterton  Ness,  and  5  feet  at 
Yarmouth.     There  is  also  a  rotary  action  near  Winterton  and 
Hasborough.but  in  the  opposite  direction  to  that  at  the  Dowsing? 
and   Dudgeon,   the  set  here  being  from  east   to    west.      Otf 
Yainnouth  the  level  of  the  sea  varies  less  than  6  inches  frooa 
alx>ut  an  hour  after  both  hijrh  and  low  water.     The  winds  here 
have  a  gi-eat  efiect  on  the  tide,  strong  north-west  gales  raising 
the  water  7  feet  above  the  rise  of  an  ordinary  spring  tide,  and 
sudden  changes  in  the  direction  of  the  wind  making  a  difierence 
of  from  3  to  4  feet  in  the  level  of  high  water  of  succeeding  tides. 
At  the  Ower  lightship,  between  Cromer  and  Yarmouth,  there 
is  no  sensible  rising  of  the  tide  until  3  hours  after  low  water; 
when  the  ebb  stream  is  nearlv  done  a  sudden  rise  of  from  5  to 
6  feet  occurs,  so  that  nearly  the  whole  rise  of  9  feet  at  spring 
tides  t>ccurs  in  the  last  3  hours.      At  the  Lemon  and   Ower, 
also  at  Smitirs  Knoll,  and  at  the  Gallo[>er  light-vessel  off  the 
Kentish  Knock,  and  near  the  Swin  at  the  mouth  of  the  Thames, 
the  tides  take  a  rotary  direction,  moving  from  west  to  east. 

The  places  where  the  lowest  tides  occur  in  the  sea  surrounding 
^  are  termed  the  kiodt^     In  the  English  Channel  the 
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nodal  line  passes  from  Swanage,  where  the  rise  is  oiil^-  lij  feet, 
to  Barfleur  on  the  Fi-ench  Coast,  where  the  rise  is  17  feet; 
the  rise  on  the  west  side  of  this  place  beinj;  37  feut,  and  on  the 
east  22  feet.  In  the  Nortli  Sea  the  nodal  line  extends  from 
Yarmouth,  where  the  rise  is  6  feet,  to  Nieuwediep,  on  the  Dutch 
coast,  where  the  rise  is  4  feet.  In  the  Irish  Sea  the  line  extends 
from  Courtown,  where  the  rise  is  3J  feet,  to  Caitligan  Bay,  where 
the  rise  is  12  feet,  this  line  being  about  the  same  distance  from 
the  entrance  to  the  Irish  Sea,  or  a  line  drawn  fi-om  Cape  Clear 
w  the  Land's  End,  as  Swanagc  is  from  the  entrance  to  the  English 
Channel.  These  places  are  also  all  abuut  the  same  distance.  150 
miles,  from  the  head  of  the  tide  at  Lynn  Well,  Beachy  Head,  and 
8L  David's  Head,  respectively,  and  high  water  at  full  and  change 
occaTs  at  each  place  at  the  same  time.  The  time  of  high  water 
in  the  Bristol  Channel  and  in  St.  Malo  Bay,  where  the  tides  lise 
tie  highest  of  anywhere  round  the  coast,  is  the  same;  and  so 
Biso  the  distance  of  tlie  two  places  fram  the  entrance  to  the 
English  Channel,  the  line  being  drawn  from  the  two  projecting 
headlands. 

At  Marsdiep,  on  the  Helder,  where  the  average  rise  of  tide 
isaj  feet,  the  tide  remains  at  high  water  for  3^  huurs,  the  flood 
listbg  SJ  hours  and  tlie  ebb  0  hours.  At  spring  tides  the  wavo 
'hows  two  crests  with  a  depression  between.  This  is  due  to  the 
meeting  of  the  two  tidal  waves,  one  from  the  Channel,  and  the 
olber  from  Scotland. 

There  is  a  very  great  variation  in  the  rise  and  fall  of  the  tide 
coasts  of  the  open  ocean.  Off  Cape  Horn,  owing  to  the 
in  the  waterway  of  the  Southern  Oeean,  and  the 
lition  offered  to  the  progress  of  the  tidal  wave,  the  sea  here 
JB  always  excessively  turbulent  and  dangerous  for  na\-igation. 
At  Staten  Island,  on  the  southern  extremity  of  Tierra  del  Fuego, 
ud  at  the  Falkland  Islands  the  rise  is  from  5  to  8  feet,  and 
at  Port  Gallegas  and  Santa  Cruz  on  the  coast  to  the  north  of 
the  Straits,  from  40  to  45  feet.  In  the  Straits  of  Magellan,  on 
the  Pacific  side,  the  difference  between  high  and  low  water  is 
from  36  to  44  feet.  Al>out  the  middle  of  the  Straits,  near  Sandy 
Point  and  Cape  Vij^in,  where  they  widen  out  very  considerably, 
"  Terence  is  from  5  to  7  feet ;  it  then  increases  again  to  S  feet. 
Pacific  side  the  difference  is  from  4  to  6  feet.  On  the 
of  Central  America,  on  the  Pacific  side,  the  rise  is  about 
!n  the  Gulf  of  Darien  and  at  Panama  it  increases  to 
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20  and  24«  feet;   on  the  opposite  coast  of  the  Isthmus,  on  the 
Atlantic  side,  the  rise  is  only  from  1^  to  2  feet. 

In  the  Bay  of  Fundy,  on  the  north-east  coast  of  America,  there 
is  a  very  great  difference  between  the  level  of  low  and  higii 
water,  amounting  to  about  40  feet  at  spring  tides,  and  in  extreme 
cases  even  as  much  as  60  feet,  the  rise  in  the  open  ocean  being 
from  5  to  6  feet.  Mr.  M.  Murphy,  the  Government  engineer  of 
Nova  Scotia,  says,  in  a  paper  contributed  to  the  Nova  Scotii 
Institute  of  Natural  Science  in  1867,  that  it  is  an  error  to  stale 
that  the  tides  in  the  Bay  of  Fundy  rise  50  or  60  feet  above  the 
mean  low-water  level  of  the  sea,  as  the  tidal  wave  on  its  retiett 
scoops  back  with  it  nearly  as  much  water  in  depth  below  the 
mean  level  as  it  carries  with  it  in  its  advance  above  the  level 
The  tides  seldom  rise  to  a  greater  height  above  the  mean  levd 
than  22  feet,  but  as  the  low  water  falls  out  to  the  same  distance 
below  the  mean  level  it  is  correct  to  say  that  between  the 
highest  and  lowest  water  there  is  a  difference  of  from  50  to 
60  feet  at  extreme  springs. 

Amongst  the  West  India  Islands  and  in  the  Gulf  of  Mexico 
the  tidal  rise  is  only  from  1^  to  2  feet,  whereas  in  the  Pacific, 
across  the  narrow  neck  of  land  which  divides  the  two  seas,  the 
rise  is  from  12  to  18  feet.  Between  Cape  St.  George  and  Cape 
Florida  there  are  two  tides  during  the  day  subject  to  a  large 
diurnal  inequality,  and  the  rise  here  is  nearly  double  that  in  the 
other  parts  of  the  gulf  In  the  Gulf  of  Mexico  there  is  only 
one  tide  in  the  day,  the  rise  and  fall  increasing  or  decreasing 
with  the  moon's  declination.  This  may  probably  be  due  to  the 
fact  that  the  flood  tide,  being  driven  into  the  Gulf  by  the  momen- 
tum of  the  ocean  wave,  and  having  a  long  run  up  the  Mississippi 
and  other  large  rivers  which  are  connected  with  the  Gulf,  poun 
so  great  a  quantity  of  water  into  the  Gulf  that  the  ebb  has  not 
time  to  get  out  again  before  it  is  met  by  the  succeeding  flood, 
and  consequently  only  every  alternate  wave  reaches  the  head 
of  the  bay.  In  the  same  way,  in  some  rivers  into  which  the 
tide  enters  with  a  great  head  and  has  a  long  run,  the  low  water 
of  spring  tides  does  not  ebb  out  as  low  as  that  of  neaps. 

At  Singapore,  where  there  is  a  rise  of  10  feet  at  spring  tides, 
there  is  a  very  large  diurnal  inequality,  amounting  at  times  to 
6  feet,  the  low  water  being  affected  to  the  same  extent. 

At  Lucipara,  in  the  Banks  Strait,  where  there  is  a  rise  of 
10  feet  at  spring  tides,  there  is  only  one  tide  in  the  day,  and  this 
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Very  irregular.  So  also  at  Bawean,  in  the  Java  Sea,  with  a  rise 
of  about  10  feet  there  is  only  one  tide  ia  the  day,  and  thia 
occurs  in  the  morning  from  April  to  October,  and  in  the  evening 
for  the  rest  of  the  year. 

At  Whampoa,  in  the  China  Sea,  in  May  and  June  the  level  ot 
spring  tides  is  4  feet,  and  of  neaps  2  feet  hifi;her  than  at  the 
etjuinox.  At  S^-dney.  in  Australia,  the  night  tides  during  June 
and  July  are  at  times  nearly  2  feet  higher  than  the  day  tides, 
and  the  reverse  is  the  case  in  December  and  January. 

Frogresa  of  the  Tidal  Wave. — In  order  to  trace  with  any 
de<frfe  of  accuracy  the  progress  of  the  tidal  wave  fioin  the 
Soiilhem  Ocean,  through  the  Atlantic,  to  the  coasts  of  this  country 
It  would  be  necessary  to  institute  simultaneous  observations 
the  whole  of  its  course.  No  such  observations,  however, 
been  made,  the  only  course  that  can  be  adapted  is  to 
i  time  of  high  water  at  full  and  change,  as  recorded  in 
Bde  Tables  and  Admiralty  Sailing  Directions  at  the  vai-ious 
PWb  along  the  coast.  This  only  gives  an  approximate  result, 
*«,  owing  to  the  efi'ect  of  projections  and  indentations  in  the 
Mast-line  diverting  the  coui'se  of  the  tidal  current,  and  other 
"islurbing  causes,  the  time  and  height  of  the  tides  along  the 
Wast  is  very  irregular  and  dillicult  to  follow.  The  tidal  current 
appears  in  many  cases  to  as-sume  a  rotary  motion,  being  reflected 
from  a  projecting  part  of  the  coast,  and  returning  back  along 
the  shore,  making  the  time  of  high  water  later  at  a  place  several 
rnilea  south.  Even  at  the  islands  in  the  open  ocean  high  water 
is  in  many  places  several  hours  later  on  one  side  of  the  island 
than  on  the  other,  and  the  tides  vary  considerably  in  their  rise 
and  fall. 

Taking  the  tide  which  makes  high  water  at  full  and  change 
in  the  Southern  Ocean  on  the  meridian  of  Greenwich  at  noon,  it 
is  also  high  water  on  the  opposite  side  of  the  globe,  at  the  islands 
off  the  southern  coast  of  New  Zealand,  and  low  water  at  the 
ixlands  to  the  ea-it,  about  midway  between  these  points.  Owing 
to  the  disturbance  caused  by  the  narrow  strait  between  Tierra 
del  Fuego  and  Graham's  Lan<l,  the  time  of  low  water  is  not  so 
well  defined  on  the  west  side ;  but,  as  nearly  as  can  bo  ascertained, 
low  water  on  the  meridian  of  SO',  or  half-way  between  the  two 
high  waters,  is  at  the  same  time  as  high  water  on  the  meridian 
of  Greenwich. 

the  chart,  Fig.  10,  the  upper  figures  represent  the  local 
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time  of  high-water  spiinff  tides,  and  the  lower  the  rise  in  feet 
above  low  water.  The  arrows  show  the  direction  of  the  flood 
tide.  As,  in  order  to  trace  the  time  the  tidal  wave  takes  to 
advance,  it  is  necessary  to  use  the  .same  standard  of  time  st 
each  place  on  the  chart,  Greenwich  time  is  given  as  well  ai 
local  time,  the  former  being  distinguished  by  being  enclosed 
in  a  circle. 

In  the  centre  of  the  Atlantic  is  a  high  ridge  which  runs  from 
the  Southern  Ocean,  and  continues  through  the  narrow  iieck 
between  the  projecting  promontories  of  South  America  and 
Africa,  and  thence  along  the  open  space  between  the  West  Indit 
Islands  and  the  coast  of  Africa  through  the  North  Atlut 
up  to  the  Arctic  Seas.  This  ridge  is  of  varying  width,  and 
elevated  about  1500  fathoms  above  the  bottom,  decreasing  tl 
depth  of  the  water  where  it  runs  about  one-half.  This  ele\i 
must  have  a  material  effect  in  guiding  the  direction  of  the  tid 
current. 

The  coast  tidal  wave  reaches  oft'  the  south  of  Africa  aba 
\\  hour  after  leaving  the  Southern  Ocean ;  and  the  part  whii 
projects  westward  from  Fernando  Po,  which  is  nearly  on  t] 
equator,  in  4J  hours,  or  at  the  rate  of  660  nautical  miles  on  hot 
the  depth  being  about  15,000  feet.  From  here  the  progress  of  tl 
wave  is  delayed,  having  to  force  its  way  through  the  narrow  goi; 
caused  by  the  projection  of  the  two  mainlands  and  the  elevatii 
of  the  ridge  in  the  centre  of  the  channel.  It  does  not  reai 
latitude  20°  north,  off  the  north-west  coast  of  Africa,  till  noon, 
at  the  rate  of  160  miles  an  hour.  From  here  the  progress  is  mo 
rapid,  the  wave  reaching  off  the  southern  part  of  these  Islands 
latitude  50°  at  4.30,  being  at  the  rate  of  400  miles  an  hour,  t 
depth  here  also  being  about  15,000  feet.  The  wave  on  the  wi 
aide  of  the  South  Atlantic  also  receives  a  check  on  reaching  t 
narrow  gorge  off  Cape  St.  Roquc,  and  appears  to  be  deflect) 
back,  moving  southwards  along  the  coast,  the  tide  on  this  s 
being  much  later  on  the  same  latitude  than  on  the  Airic 
coast.  The  time  of  high  water  off  Cape  St,  Koque  is  about  1 
o'clock,  as  against  half-past  four  off  Cape  Palmas  on  the  oppod 
side. 

The  progress  of  the  wave  along  the  north  coast  of  South 
America  and  past  the  West  India  Islands  is  disturbed  by  tic 
sudden  opening  out  of  the  width,  resulting  in  the  eddy  and  the 
dead  water  of  the  Sargossa  Sea,  and  the  shoaling  in  the  depth    i 
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oansed  by  a  branch  of  the  central  ridge  extending  to  the  niain- 
IftDd.  The  smallness  of  the  sectional  area  of  the  Channel  alao 
restricts  the  quantity  of  water  passing  through,  and,  the  main  set 
following  the  deep  channel  northwards,  the  quantity  passing  in 
amongst  the  West  India  Islands  and  into  the  Carribean  Sea  and 
Onlf  of  Mexico  is  only  sufficient  to  raise  a  tide  of  1  foot  6  inches. 
Owing  also  to  the  hindrance  in  passing  through  the  gorgii  off  Cape 
St,  Roqiie,  high  water,  which  takes  place  at  noon  off  Cape  Blanco, 
on  the  African  Coast,  does  not  attain  at  the  same  time  till  past 
the  Bermudas,  or  in  about  latitude  40",  1200  miles  further. 
From  here  the  tide  wave  appears  to  take  its  main  set  between  the 
east  coast  of  North  America  and  the  Doljihin  Ridge,  one  branch 
following  the  same  course  as  the  Gulf  Stream,  and  setting  across  ' 
to  the  north  coast  of  Scotland,  another  branch  going  up  Baffin 
Bay,  another  the  east  side  of  Greenland,  and  another  along  the 
coast  of  Norway,  meeting  the  tidal  current  of  the  Arctic  Ocean  ^ 
coming  from  the  east  from  New  Siberia  and  Francis  Joseph  Land.    , 

The  crest  of  the  tidal  wave,  which  attains  its  height  at  full 
and  change  at  the  Scilly  Islands  at  4.30,  reaches  the  north  of 
Scotland  off  Cape  Wrath  at  7.30,  a  distance  of  500  miles,  or  at 
(h«  rate  of  160  miles  an  hour,  the  average  depth  of  the  low- 
water  soundings  off  the  coast  being  about  400  fathoms.  It  takes 
21  hours  from  Cape  Wrath  to  the  Shetland  Islands,  and  it 
readies  Flamborough  on  the  east  coast  12  hours  after  leaving 
Scilly,  a  distance  from  the  Shetlands  of  360  miles,  having 
travelled  down  the  North  Sea  at  the  rate  of  about  55  miles  an 
boor,  the  depth  averaging  about  40  fathoms,  Seven  hours  later, 
«n-  about  1 1.30,  it  haa  reached  the  Thames  estuary,  19  hours  later 
than  at  Scilly,  the  progress  from  Flamborough  to  the  Thames 
beJDg  at  the  rate  of  21J  miles  an  hour,  the  depth  varying  from 
IS  ft  20  fatbotns.  The  course  of  the  tidal  wave  is  oljstructed 
in  th«  part  of  its  course  by  several  submerged  sandbanks. 
The  North  Sea  i»  practically  a  large  bay.  While,  therefore, 
ooe  brmncb  of  the  tide  continues  along  the  English  coast  to  the 
Struts  of  Dover  and  meets  the  tide  from  the  English  Channel, 
the  main  body  of  the  water  sweeps  round  at  the  south  end  of 
tlie  Wy  to  the  east  and  north  along  the  coast  of  Holland  and 
Oonnaay,  and,  after  throwing  off  a  branch  into  the  Baltic,  meets 
the  sei  eoming  from  the  north  off  the  south  end  of  the  coast  of 
Norwaj.  The  rise  here  is  only  about  4  feet,  gradually  dying  off 
the  Baltic. 
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The  crest  of  the  tide,  which  passes  Scilly  at  4.30  and  traveli 
up  the  English  Channel,  reaches  the  east  end  of  the  Straits  oT 
Dover  7  hours  later,  or  at  about  11.30,  the  crest  of  the  two  tides 
thus  reaching  this  point  about  the  same  time.  The  distance  U 
300  miles,  and  the  rate  of  progress  along  the  channel  at  the 
rate  of  43  miles  an  hour.  The  low-water  soundings  gradaally 
diminish  eastwards  from  50  to  20  fathoms.  When  it  is  low 
water  at  the  head  of  the  tide,  say  between  Beachy  Head  aixl 
Dover  in  the  English  Channel,  or  the  Isle  of  Man  in  the  Irish 
Sea,  it  is  high  water  in  the  parts  where  the  tide  is  about  6  hours 
previously.  There  is,  therefore,  a  slope  of  the  water  on  botii 
sides  towards  the  place  of  the  head  of  the  tide,  in  consequence  of 
which  the  tides  commence  to  How  from  both  sides  towards  the 
same  place.  After  Howing  a  certain  time,  the  currents  attain 
their  greatest  velocity  at  the  moment  when  the  surface  of  the 
water  is  at  its  mean  level  and  all  slope  is  destroyed,  yet  the 
ciurents  continue  to  flow  by  virtue  of  their  acquired  momentom, 
and  run  uphill  for  the  last  part  of  the  tide,  until  the  water  hu 
acciuired  an  equal  slope  in  the  opposite  direction,  when  the  process 
is  reversed.  In  the  Irish  Sea,  the  slope  at  its  masimum  is 
205  inches  per  mile,  and  in  the  English  Channel  an  inch  in 
a  mile. 

The  maximum  rate  of  the  stream  is  at  half-tide,  when  the 
surface  has  tJie  least  depression,  and  the  stream  ceases  when  the 
greatest  elevation  and  depression  are  attained. 

Rise  of  Tide.^In  the  South  Atlantic,  at  Ascension  and 
St.  Helena,  the  rise  of  spring  tides  is  only  from  2  to  3  feet,  and 
at  the  West  India  Islands  from  IJ  to  2  feet.  At  Tahiti,  in  the 
South  Pacific,  the  rise  is  IJ  foot.  The  height  of  the  tide  in  the 
open  ocean  can  only  be  approximately  ascertained  from  the  height 
at  the  islands  in  its  midst.  The  heights  at  the.se  places  may, 
however,  be  affected  by  the  tidal  wave  being  checked  by  tha 
coast  or  by  winds.  It  may  l>e  taken  that  the  crest  of  the  free 
tide- wave  o£  the  ocean  does  not  reach  more  than  about  2  feet.  A»' 
the  wave  advances,  and  its  momentum  is  checked  by  tho  shore* 
of  the  mainland,  this  height  is  increased  to  6  and  8  feet  ucdeTi 
ordinary  conditions,  and  to  ten  times  this  height  under  excep- 
tional circumstances.  Along  the  coast  of  South  America  and, 
the  west  coast  of  Africa  the  rise  of  spring  tides  is  from  13  to  & 
feet.  When  the  ocean  widens  out  on  the  north  of  South  America 
the  rise  is  only  about  2  feet  at  the  West  India  Islands,  and  abont 
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14  in  the  Gulf  of  Mexico.  Along  the  west  coast  of  Europe  the 
rise  is  from  12  to  16  feet,  ami  on  the  east  coast  of  tl'e  United 
States,  from  6  to  S  feet.  At  the  Scilly  Islands  the  rise  is  l(i  feet ; 
at  Cape  Clear,  on  the  south  part  of  Ireland,  9  feet ;  and  varying 
along  the  west  coast  from  9  to  13  feet.  At  the  Mull  of  Cantire 
the  rise  is  4  feet ;  at  Tobermory,  Isle  of  Mull,  and  lona,  and  to 
Stomoway,  the  rise  is  from  8  to  9  feet;  and  15^  feot  at  Cape 
Wrath.  Off  the  Orkneys  the  rise  is  10  feet,  and  off  the  Shetlands 
6  feet.  Down  the  east  coafit  the  rise  is  from  10  to  12  feet,  in- 
creasing to  15  feet  from  Eyemouth  down  the  east  coast  of 
England  to  Bridlington.  OH'  the  Humber  it  rises  to  1!)  feet,  and 
to  22  feet  in  the  Wash  ;  at  Yarmouth  it  has  fallen  to  6  feet, 
which  corresponds  with  the  rise  on  the  opposite  coast  of  Holland. 
At  Harwich  it  increases  again  to  9  I'eet,  and  to  13  feet  at  Mar- 
gate and  iu  the  Thames  estuary.  In  the  Straits  of  Dover,  the 
rise  is  1-7  feet  on  tlie  north  side  at  Dover,  and  17  feet  on  the 
south  at  Calai.s.  Here  the  north  tide  meets  the  branch  whicli 
sets  up  the  English  Channel.  This  wave,  after  leaving  the  Scilly 
Islands  with  a  rise  of  16  feet,  falls  off  to  i)  feet  at  Portland  Bill, 
and  74  at  the  Needles  on  the  west  of  the  Isle  of  Wight.  It  then 
increases  again  to  16  feet  at  Selsea  Bill,  19  feet  at  Brighton,  20 
at  Beachy  Head,  and  24  feet  at  Hastings. 

The  title  sets  into  the  Irish  Sea  both  from  the  south  through 
8t.  George 'a  Channel  and  on  the  north  between  the  coojsts  of 
Ireland  and  Scotland,  through  the  North  Channel.  The  two 
tides  meet  in  Morecambe  Bay.  The  main  stream  from  the 
south  seta  towards  the  Isle  of  Man,  where  the  rise  is  16  feet, 
which  it  passes  to  the  east.  The  eastern  stream  sweeps  round 
the  north-west  of  Anglesea  with  a  rise  of  16  feet  towards 
Liverpool  and  Morecambe  Bays,  when  it  is  met  by  the  northern 
tide,  causing  a  rise  of  from  27  to  28  feet.  The  western  stream 
runs  along  the  Irish  coast,  the  rise  at  Carnsore  Point  being 
9  feet,  to  Wicklow  Head,  and  expends  itself  in  a  large  area  of 
atill  water  between  the  Isle  of  Man  and  Carlingford.  Between 
Wexford  and  Wicklow  Head  the  tidal  currents  meet  and  destroy 
each  other,  the  rise  and  fall  being  only  3 J  feet  at  Coui'town,  and 
there  is  still  water  at  all  times,  and  no  perceptible  cun-ent. 

Iu  the  North  Channel  the  tides  fall  off  from  14  feet  off  Lough 
Strangford  to  7  at  Lough  Eame,  and  from  3  to  4  feet  in  the 
narrow  channel  between  the  Mull  of  Cantire  on  the  Scotch 
Coaat    and    Fair   Head    on    the    Irish   side,   increasing   to   fi-i 


k 


foo  TIDAL  RIVERS. 

feet  at  Portmsh,  and  12  at  Longh  Swilly  on  the  north  of 
Ireland 

At  the  Faroe  Islands  the  rise  is  6|  feet;  at  Spitzhergen, 
3.^  feet;  at  Hammerfest,  9  feet;  at  Nova  Zembla»  10  feet;  in  the 
White  Sea  it  varies  from  2  to  20  feet  In  the  North  Sea,  at 
Heligoland,  there  is  a  rise  of  9  feet,  increasing  to  11  feet  at  the 
entrance  to  the  Elbe.  From  this  the  tide  gradaally  dies  out  in 
the  Baltic,  the  narrow  entrance  of  the  Katt^at  not  affording 
a  channel  of  sufficient  capacity  for  the  tidal  wave  to  enter 
freely.  On  the  east  shore  of  the  North  Sea  the  rise  varies  from 
4  feet  off  the  Norwegian  and  Dutch  coasts  to  16  feet  off  the 
coast  of  Belgium. 

The  rise  and  fall  of  the  tide  is  not  spread  equally  over  the 
time  occupied.  There  is  a  period  of  slack  water  both  at  low 
and  high  water,  the  length  occupied  by  the  slack  varying  in 
different  situations.  This  is  due  to  the  time  occupied  in  the 
reversal  of  the  directicm  of  the  water.  In  rivers  the  slack  of 
high  water  varies  from  a  few  minutes  to  half  an  hour.  The 
rate  of  rise  increases  continually  from  slack  to  half-flood,  when 
it  attains  its  maximum,  and  then  falls  off  till  high  water. 

If  the  rise  of  the  tide  at  any  place,  either  at  springs  or 
neaps,  be  multiplied  by  the  following  constants,  it  will  give 
approximately  the  hourly  rise  and  fall  of  the  water  at  flood 
and  ebb : — 

Hour*. 

J  •••  •••  ••«  ••< 

2 
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*~W  •••  •••  •••  ••< 
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%^  •••  •••  ■■■  ••! 

^  •  •  •  •  •  •  •  I 

^^^       •••        •••        •••        •••    «■•»         •  •  •        ^/  ^^O 

The  ebb  lasting  a  little  longer  than  the  flood.  For  example, 
the  rise  of  a  spring  tide  in  an  estuary  is  27  feet.  From  the 
third  to  the  fourth  hour  the  rise  will  be  27  x  0-26  =  7-02  feet 
An  ebb  ranging  13  feet,  or  falling  that  distance  from  the  level 
of  high  to  low  water,  from  the  fourth  to  the  fifth  hour  would 
fall  13  X  015  =  1-95  feet. 

Spring  and  Heap  Tides. — The  difference  of  rise  between  spring 
and  neap  tides  varies  in  proportion  to  the  range  of  the  tides. 
Along  the  coasts  of  this  country  it  varies  from  about  9  feet  in  the 
Bristol  Channel,  and  7  feet  on  the  east  side  of  Liverpool  Bay,  to 
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.bout  2  feet  in  the  middle  of  the  English  Channel  near  Portland,  I 
kod  2J  feet  at  the  upper  end.     Up  the  east  coast  it  varies  from  f 
\  foot  otf  Yarmouth  to  G^  feet  in  Lynn  Deeps,  4  feet  off  Flara- 
»roujjh,  and  2  J  feet  on  the  east  coast  of  Scotlaml.    As  an  average  ' 
t  may  be  taken  that  the  rise  of  neap  tides  alwave  low  water  of 
ipriog  tides  i»  7o  per  ceat  of  that  of  a  spring  tide. 

Sew-moon  tides  are  about  ^'u  of  the  total  rise  higher  than 
all-iiioon  tides;  that  is  to  aay,  if  the  rise  of  a  sprinji  tide  is 
!1  feet,  tlie  new-moon  tide  will  be  03  feet  higher  than  that  due 
o  the  full  raooD.  The  spring  tides  which  occur  when  the  moon 
B  in  i>erigee  are  also  higher,  the  following  springs  being  lower 
^eoiose  the  moon  is  then  in  apogee ;  the  difference  in  height 
between  two  successive  sets  of  spring  tides  due  to  this  cause  is 
ibout  ^  of  the  total  rise. 

When  the  sim  is  vertically  over  the  equator  and  its  path 
XNncides  with  it,  the  tide-producing  effect  is  at  a  maximum. 
\,t  these  periods,  which  occur  at  the  equinoxes  in  the  months  of 
Uarch  and  September,  the  new  and  full  moon  haii  also  most 
Jitluencc.  and  the  tides  produced  are  at  a  max.imuni. 

These  heights  are  still  further  increased  if  the  moon  is  in 
perigee  at  the  time  of  her  passing  the  meridian  at  the  equinoxes. 

In  June,  when  the  sun  is  furthest  from  the  equator,  the  liae 
af  the  tides  are  at  a  minimum. 

The  highest  tides  and  lowest  ebbs  from  normal  causes,  there- 
fore, occur  at  the  eiiuinoxes  in  March  and  September,  and  the 
least  rise  and  fall  in  June.  The  June  tides  are  often  locally 
sailed  ■'  Bird  tides,"  owing  to  the  nests  of  the  birds  on  the 
marshes  being  less  subject  to  be  covered  with  water  owing  to 
the  small  rise  of  the  tides  there. 

The  average   rise  above  low  water  of  spring  tides  on  the  l 
xMst>i  of  this  country  is  as  follows  :— 

spring  Tide). 
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Tbe  Age  of  tbe  Tide. — The  time  at  which  a  port  on  the  coast 
or  a  river  is  imniecliately  affected  by  the  tide  is  not  coinrident 
with  its  generation  by  the  action  of  the  tide-producing  Bg<enta, 
but  is  so  much  later  as  the  place  is  more  distantly  removed  from 
the  source  of  origin. 

The  highest  spring  tides  in  any  fortnight  are  not,  thereforo, 
coincident  with  the  time  at  which  new  or  full  moon  crosses  the 
meridian  of  that  jiart,  but  are  as  many  tides  after  as  the  tide  ig 
old  when  arriving  there.  Thus  the  tide  which  reaches  the 
mouth  of  the  English  Channel  is  16^  hours  old,  and  the  tide 
which  reaches  the  mouth  of  the  Thames  is  1 J  days  old,  havinf[ 
taken  this  time  to  travel  from  the  source  of  its  generation. 

The  Establishment  of  a  Port. — The  tides  in  this  country  not 
being  directly  due  to  the  position  of  the  sun  and  moon,  but  only 
to  the  resultant  of  tides  caused  by  those  luminaries  in  a  distant 
sea,  the  eti'ect  of  which  is  disturbed  by  causes  operating  during 
their  course,  and  varying  at  every  part  of  the  coast,  it  is  not 
possible  to  determine  by  theoretical  calculation  alone  the  time 
at  which  any  given  tide  will  airive,  or  the  height  to  which  it 
will  rise  at  any  particular  port.  This  can  only  be  determined 
by  the  aid  of  local  observation.  Spite,  however,  of  all  complica- 
tions, the  fact  remains  that  there  are  two  high  and  two  low  tides 
every  day,  and  that  the  height  to  which  they  rise  and  fall  1 
a  certain  amount  of  regularity,  and  that  the  time  at  which  they 
occur  is  coincident  with  certain  phases  of  the  moon.  If,  theref«e, 
local  observations  be  extended  over  a  sufficient  length  of  time  to 
enable  the  elimination  of  disturbances  caused  by  wind  or  the 
pressure  of  the  atmosphere,  it  becomes  practicable  to  estabhsk 
an  agi'eement  with  the  time  and  height  as  deduced  by  calculation, 
from  the  position  of  the  tide-producing  tigents,  and  to  constniet 
tide  tables,  giving  the  time  and  height  of  the  tides  for  any  port. 
The  time  at  which  it  is  high  water  at  a  port  is  of  far  moi* 
consequence  to  mariners  than  the  age  of  the  tide.  As  the  tid&- 
wave  travels  along  a  coast,  the  time  of  high  water  at  the  succesfflvs 
ports  becomes  later  and  later  in  the  day.  Thus  if  it  be  higk 
water  at  the  Scilly  Islands  at  4.30,  it  is  not  high  water  at  Dover 
till  11  hrs,  12  min.,  or  at  Holyhead  till  10  hi-s.  11  rain. 

The  time  of  high  water,  therefore,  rarely  coincides  with  thf 
moon's  southing,  or  the  time  when  she  comes  on  the  meridian  ( 
a  place,  but  follows  at  a  greater  or  less  interval. 

At   Loch   Long   and   Greenock,   also  at   Harwich,  and 
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MapHn  lighthouse  at  the  mouth  of  the  Thames,  high  water  at 
full  and  change  occurs  when  the  inoovi  is  on  the  meridian.  At 
Skye  it  is  6  hours  later,  and  at  the  Orkneys  9  hours,  lii  Lynn 
Well  it  is  6  hours  after,  thus  being  low  water  here  when  the 
moon  crosses  the  meridian.  At  Yarmouth  it  is  9  hours  later ;  in 
the  English  Channel  at  the  Needles,  10  hours;  while  at  New- 
haven  the  moon  has  nearly  got  back  to  the  meridian  before 
high  water  has  reached  that  port.  This  variation  in  the  time 
of  high  water  is  expressed  in  terms  denoting  the  time  at  which 
high  water  occurs  at  the  particular  port  in  <iueatiou  on  the  days 
of  new  or  full  moon,  or,  as  expres,se<l  by  .sailors,  high  water  at 
sucli  an  hour  at  full  and  change.  This  is  maiked  on  charts  by 
the  letters  H.  W.  F.  &  C.  at  0  hrs.  0  min. 

This  interval  between  the  time  of  transit  nf  the  moon  and 
the  time  of  liigh  water  at  full  and  change,  is  known  as  the 
■■  establishment "  of  the  port,  or  the  "vulgar  establishment," 
because  this  is  the  common  acceptation  of  the  meaning  of  the 
term  as  understood  by  mariners.  The  interval,  however,  varies 
during  a  lunation  with  the  relative  changes  in  the  position  of 
the  sun  and  moon  to  the  earth.  The  time  at  full  and  change 
being  "  estabUshed  "  by  local  obsen-ation,  the  time  of  all  the  tides 
can  be  calculated  from  it.  The  mean  of  all  the  intervals  during 
half  a  lunation  is  termed  the  "  corrected  establishment."  These 
intervals  between  the  transit  of  the  moon,  at  other  times  than 
those  of  full  and  change,  and  the  time  of  high  water,  are  termed 

Iluni-tidal  intervals. 
pie  correction  for  the  establishment  is  as  follows ;- 
ITn: 

'Sat  example,  if  at  Sunderland  high  water  occura  at  full  and 
change  3  hrs.  '11  min,  after  the  moon's  transit,  and  this  is  the 
vulgar   establishment   of  the  port.      Six  days   afterwards  the 
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moon's  transit  occurs  at  G  hre.  SI  min.  p.in, ;  then  the  establid 
ment  wants  correcting  by  deducting  00  minutes  and  giving  t 
luni-tidal  inteiTal  &&  2  hrs.  22  min.,  and  high  water  will  occ 
at  8  hrs.  53  min. 

River  Tides. — As  the  channel  through  which  the  tide  wm 
progresses  contracts  in  depth,  it  gradually  changes  its  charactti 
from  a  wave  to  a  tidal  current,  the  wave  action  being  merged 
into  that  of  the  current.  As  the  tide  proceeds  up  a  river 
inclination  of  the  ebb  current  is  gradually  reversed,  until  t 
nearly  liorizontal  line  is  reached,  when  there  occura  a  period  of 
slack  water,  after  which  the  inclination  is  again  reversed. 

The  gradient  of  the  ebb  current  is,  however,  in  some  caseaso 
great  that,  although  it  becomes  reduced  by  the  flowing  tide,  the 
level  still  remains  higher  tlian  the  level  of  high  water  of  tlw 
tide.  In  this  case,  although  there  is  a  swelling  of  the  watti; 
the  cuiTent  is  not  reversed. 

In  any  river  where  there  is  an  ebb  current  there  will  always  be 
a  rise  of  the  water  before  the  flood  overpowers  the  ebb  ami  catues 
an  upward  current.  The  rise  of  the  water  in  a  river  is  therefrtn 
due,  to  a  considerable  extent,  to  the  pounding  back  of  the  ebb 
water.  During  the  flowing  of  the  tide  the  fresh  water,  prevented 
from  flowing  down  the  river,  accumulates,  the  upper  part  of  the 
channel  acting  as  a  reservoir.  The  latter  part  of  the  ebb  is 
therefore  occupied  in  the  discharge  of  this  accumulated  fresh 
water,  and  not  in  the  return  of  tidal  water  brought  up  oo 
the  flood.  To  this  cause  is  due  the  fact  that  the  ebb  in  riven 
lasts  longer  than  the  flood,  and  has  a  gi-eater  efl'ect  in  maintaining 
the  channel,  and  also  that,  although  there  is  a  considerable  rise 
of  tide,  the  water  does  not  necessarily  become  salt. 

In  rivers  the  momentum  of  the  tidal  wave,  when  the  con- 
ditions are  favourable,  carries  the  tide  to  a  higher  level  in  the 
upper  reaches  than  at  the  mouth,  the  reflux  of  the  wave  also 
causing  the  low  water  to  he  lower  than  at  the  outfall.  Thas  in 
the  Thames  the  level  of  spring  tides  at  London,  which  is  M 
miles  from  the  mouth,  is  2  feet  6  inches  higher  than  at  SheeiH 
ness,  and  the  ebb  ia  1  foot  4  inches  lower,  making  a  difEeiv 
ence  of  range  of  3  feet  10  inches.  In  the  Humber  the  leveli 
of  high  water  of  spring  tides  at  Hull,  23  miles  from  the  se 
2  feet  higher,  and  low  water  is  13  inches  lower,  than  at  the  moath 
at  Spurn  Point.  In  the  Scheldt,  which  has  a  tidal  run  of 
110  miles,  and  the  channel  of  which  is  favourably  formed  for 
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tropagation  of  the  tidal  wave,  the  tidal  range  is  2  feet 
les  greater  a  little  below  Antwerp  than  at  Flushing;  pai-t 
i  momentum  is  then  absorbeil  in  passing  some  sharp  bends, 
it  the  range  falls  off  4  inches  at  Antwerp.  In  the  Mersey. 
J  the  wide  estuary  extending  above  Garston  is  suddenly 
icted  at  Runcorn,  spring  tides  rise  there  1  foot  10  inches 
r  than  at  Liverpool,  and  2  feet  3  inches  higher  at  Warring- 

In  the  Si.  Lawrence  the  tide  rises  5  feet  at  the  mouth,  and 
it  at  Quebec. 

lie  fiwt  that  the  lowest  water  is  not  always  to  be  found  in 
la,  bat  at  a  point  some  distance  up  the  estuary  or  river,  is  one 
requires  attention  from  those  in  charge  of  di-ainage  works, 
)  extension  of  an  arterial  drain  to  an  outfall  on  the  coast 
not  only  result  in  a  loss  of  depression  of  the  low-water 

owing  to  the  greater  distance  which  the  water  has  to  be 
I,  but  also  to  the  fact  that  there  may  be  a  place  where  there 
Dwer  outfall. 

B  a  general  rule  the  spring  tides  ebb  out  in  rivers  much  lower 
the  neaps,  the  difference  being  in  proportion  to  the  rise  of  the 
p ;  but  there  are  many  exceptions  to  this,  especially  when 
)riiig  tide  rise  is  great,  and  it  runs  up  with  great  velocity, 
is  ease,  the  greater  quantity  of  water  jwured  in  at  springs 
ii,  neaps  has  not  time  to  get  out  of  the  river  again  before  the 
;ide  comes.  In  the  Severn,  the  Trent,  the  Hull,  and  the  Nene, 
iw  water  runs  out  lower  at  neap  tides  than  at  springs. 
18  following  table  shows  the  variation  in  the  level  of  the 
swing  to  local  causes,  the  heights  being  reduced  to  ordnance 
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In  the  Amazon,  at  the  equinoxes  during  three  days,  boRi J 
from  12  to  15  feot  in  height  rush  up  the  river  and  akigf 
course  of  the  stream  for  200  miles  from  its  mouth,  nolw' 
eight  tide  waves  simultaneously  advancing.    As  miny  n 
botes  are  sometimes  at  once  in  progress  (Herschell).    "nw  & 
felt  in  this  river  at  Obydos,  400  miles  from  the  moulh,  uj4 
mites  up  the  Tapagos,  one  of  the  tributaries,  where  tlienia 
rise  and  fall  of  3  inches  900  miles  from  the  Atlantic 

The  most  remarkable-  example  of  a  boru  is  to  be  Ibanll 
China,  in  the  river  Tsien-taug-Kiang,  an  account  of  whitf 
given  in  the  paper  by  Captain  W.  V.  Moore,  R.N.,  in  nil 
Miu.  Proc,  Inet.  C.E.    The  range  of  tide  in  the  gulf  inllff 
at  the  head  of  the  estuary  25  feet,  rising  to  34  feet  at  «£l 
spring  tides.    The  navigable  width  of  the  estuary  at  the  hi 
oiily  one-mxth  tliat  at  the  mouth.    The  low-water  width  off 
river  is  about  a  mile.    In  the  first  hour  the  tide  rises  from  iT 
12  feet    There  are  two  branches  of  the  bore,  which  jol 
nilea  outside  the  river ;  when  these  two  branches  join.^| 
differvace  of  level  of  19  feet  between  the  water  outaideli 
and  that  in  the  mouth  of  the  river  in  a  distance  of  MM 
Thus  the  flood  enters  with  a  gradient  of  one  foot  in  a  n 
at  a  speed  of  UC  miles  an  hour.    The  bore  is  over  a milt^ 
and  baa  a  c«et  S  to  1 2  feet  high,  rising  on  itscU'  or  riwr  ioj 
•t  u  angle  of  fix>m  40  to  70  degrees.    The  nuisc  can*^  1^ 
appruAch  (^n  be  heard  at  a  distance  of  from  1+  to  15  B 
aa  haar  and  a  half  before  its  arrival.    Ill"' 
Ugbt,  sad  speed  for  12  or  15  niles « 
SMft-Utif.     At  Hang  CItan,  24  i 
fcaightofthe  tide  decreases  lo  6  f^  --■' * 
oceMaoa  it  reaches  aa  Ear  as  :iO  v.' 

TiliiilJ  af  tlis  Tfdal  Wave  id  : 
tiial  wftve  develops   ^ 
[  forwa- 
t  villi  tli^- 


I  improvements.  For  example,  on  tlie  Witham  the  foot  of  the 
live  at  spring  tides  used  to  advance  up  the  river  with  a  crest 

I  foot  ill  height,  its  progi-ess  at  the  mouth  being  impeded  by 

ing  to  make  its  way  through  a  shallow  channel  over  sliiftinj;' 

1.     When  a  new  cut  was  made,  by   which  the  sandbanks 

avoided   and   the  mouth  carried  to   comparatively  deep 

■,  the  bore  disappeared,  aad  tlie  (irst  wave  came  up  the 

r  nearly  an  hour  sooner. 

On  the  Seine,  previous  to  the  erection  of  the  training-walls, 
B  depth  of  the  water  in  the  channel  below  La  Hotle  was  not 
!  than  I'lG  feet.  The  height  of  the  crest  of  the  bore,  as 
measured  on  a  fixed  gauge,  was  found  to  be  7']  5  feet ;  the  first 
Wave  was  followed  by  five  or  six  secondary  waves,  having  inter- 
vals between  their  crests  of  from  5to7feet.  At  2J  minutesafter 
the  arrival  of  the  bore  it  stood  at  5.50  feet  above  low  water;  at 
II  minutes  later  the  northern  wave  arrived,  causing  an  elevation 
of  1-33  feet.  Above  Tancarville  the  Itore  sometimes  attained  a 
height  of  10  feet,  and  travelled  at  a  velocity  of  12  miles  an  hour. 
After  the  completion  of  the  train  ing- works  the  bore  again 
Appeared,  owing  to  the  width  of  the  walla  being  too  contracted, 
the  first  wave  rushing  up  with  a  great  velocity,  and  having  a 
erest  of  5J  feet,  reaching  in  high  spring  tides  to  11  feet.  In 
1871,  H.M,  gunboat  Pltetmin*;  while  at  anchor  off  Quillelxeuf, 
■was  riding  to  the  ebb,  which  was  running  at  the  rate  of  from 
+  lo  5  knots,  when  the  bore,  without  any  previous  warning,  came 
up  the  river  in  two  waves  of  from  G  to  8  feet  high,  travelling  at 
the  rate  of  from  C  to  7  knots.  The  strain  on  the  vessel  was  so 
groat  that  the  cable  was  broken,  and  she  broke  adrift,  but,  having 
st^am  up,  was  got  under  control. 

In  the  upper  part  of  the  Garonne,  and  in  the  Uordogne  and 
Gironde,  the  spring*  tides  advance  on  the  first  of  the  flood  with 
A  considerable  head  at  the  rate  of  from  10  to  15  miles  an  hour. 

Bores  ai'e  to  be  found  in  the  Ganges,  Brahma  Pootra,  and 
Indus,  In  the  HooghJy,  a  branch  of  the  Ganges,  the  tide  is  said 
to  travel  70  miles  in  four  hours,  and  to  advance  with  a  wall  5  feet 
high  past  Calcutta, 

In  the  Bay  of  Fundy,  from  Grand  Manan  to  Cape  Chicnecto, 
the  tidal  current  runs  at  the  rate  of  10  miles  an  hour.  In  the 
Uacaii  river,  which  empties  into  the  Cumberland  basin,  the  bore 
advances  up  the  stream  at  a  i^ate  which  within  five  minutes 
^pvel  of  the  water  15  feet. 
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In  the  Ama,zoii,  at  the  equinoxes  during  three  days,  l>on»g( 
from  12  to  15  feet  in  height  rush  up  the  river  aud  along  Al 
course  of  the  stream  for  200  milea  from  its  mouth,  no  lea 
eight  tide  waves  simultaneously  advancing.  As  many  w  fii| 
bores  are  sometimes  at  once  in  piogreas  (Herschell).  The  tide  i 
felt  in  this  river  at  Obydos,  400  miles  from  the  month,  anJ  38) 
miles  up  the  Tapagos.  one  of  the  trihutaries,  where  there  iit 
rise  and  fall  of  3  inches  »00  miles  from  the  Atlantic. 

The  most  remarkable  example  of  a  bore  is  to  be  found  i 
China,  in  the  river  Taien-tang-K  iang,  an  account  of  wlucfa  i 
given  in  the  paper  by  Captain  W.  V.  Moore,  R.N.,  ir 
Mi-n,.  Pvoc.  Imt.  C.E.     The  range  of  tide  in  the  gulf  is  12  f(4 
at  the  head  of  the  estuary  25  feet,  rising  to  34  feet  at  extrei 
spring  tides.     The  navigable  width  of  the  estuary  at  Uie  heuli 
only  one-sixth  that  at  the  mouth.     The  low-watei'  width  of  tl 
river  is  about  a  mile.     In  the  first  hour  the  tide  rises  from  101 
12   feet.     There  are   two   branches   of  the   bore,  which  join 
miles  outside  the  river  ;  when  these  two  branches  join,  there  it 
difference  of  level  of  19  feet  between  the  water  outside  thebl 
and  that  in  the  mouth  of  the  river  in  a  distance  of  20  n 
Thus  the  flood  enters  with  a  gradient  of  one  foot  in  a  milo,  l 
at  a  speed  of  14-6  miles  an  hour.     The  bore  is  over  a  mile  wi 
and  haa  a  crest  S  to  1 2  feet  high,  rising  on  itself  or  river  in  fr 
at  an  angle  of  from  40  to  70  degrees.     The  noise  caused  by  J 
approach  can  be  heard  at  a  distance  of  from  14  to  15  miles, « 
an  hour  and  a  half  before  its  arrival.     It  maintains  its  bread! 
height,  and  speed  for  12  or  15  miles  above  the  mouth  of  the  n 
Tsien-tang.      At  Hang  Chan,  24   miles   from   the   mouth,  the  I 
height  of  the  tide  decreases  to  C  feet,  and  bore  to  5  feet.    On  nn  J 
occasions  it  reaches  as  far  as  30  miles  above  the  city. 

Velocity  of  the  Tidal  Wave  in  Bavera. — In  shallow  rivers  ti 
tidal  wave  develops  a  cun-ent,  the  particles  of  water  I 
actually  moved  forward  along  the  channel,  and  carrying  i 
floating  object  with  them  at  the  same  rate  at  which  the  curr 
moves,  until  the  cessation  of  the  tide.  In  deeper  water  t 
action  is  compound,  the  tidal  wave  making  itself  felt  at  i 
different  places  along  the  river  at  a  rate  of  from  10  to  20  e  ' 
in  the  hour,  whereas  the  tidal  cuirent  which  follows  it  mayij 
travel  faster  than  from  2  to  3  miles  an  hour.  There 
many  disturbing  causes  in  rivers  that  the  law  relating  to  I 
propagation  of  the  tidal  wave  in  the  ocean  can  not  alwayal 


nlied,  especially  where  the  low-water  depth  is  shoal.  Thus  on 
K  Severn  above  Portishead,  where  the  low-water  depth  is  very 
■allow,  the  foot  of  the  tide  or  the  first  wave  proceeds  at  the 
Ite  of  over  21  miles  an  hour,  decreasiny  to  9  feet  where  the 
imt^  is  deeper,  this  rate  being  greater  than  in  the  Clyde,  where 
ge  low-water  depth  is  six  times  as  great.  In  the  Seine,  the  rate 
f  propagation  in  some  parts  of  the  river  is  upwards  of  2G  miles 
b  hour,  the  average  rate  between  Havre  and  Martot  at  the  end 
|E  the  tide  being  about  17  miles  an  hour ;  the  rate  of  the  head 
t  the  tide,  or  the  difference  in  time  of  high  water  between 
tavre  and  Martot,  being  at  the  rate  of  2o  miles  an  hour.  In  the 
rhames,  the  rate  of  the  foot  of  the  tide  varies  from  34  miles  an 
lonr  in  the  lower  reach,  where  the  low-water  depth  is  .15  feet,  to 
f&  miles  an  hour  in  the  upper  reach,  where  tlie  average  depth  is 
1$  feet :  the  head  of  the  tide  advancing  in  some  parts  at  the  rate 
if  43  miles  an  hour,  and  at  an  average  rate  Ijetween  Southend  and 
LcHidun  Bridge  of  27  miles  an  hour.  On  the  Clyde,  the  advance 
^the  foot  of  the  wave  varies  from  6  to  9  miles  an  hour  in  the 
Sifferent  i-eaches  of  the  river,  the  average  rate  between  Port 
Plaagow  and  Glasgow  is  10  miles  an  hour,  the  depth  varying 
from  17  to  20  feet;  the  average  rate  of  the  head  of  the  tide 
Seing  29  miles  an  hour. 

'  An  investigation  of  the  tidal  conditions  of  a  great  number  of 
[ivers  shows  that  no  universal  law  can  be  laid  down  for  the  rate 
tf  propagation.  As  a  general  average  it  may  he  taken  that  the 
late  for  the  foot  of  the  tide  is  about  one  mile  per  hour  for  each 
bot  of  depth,  with  a  current  of  from  2  to  3  miles  an  hour.  The 
Ute  of  propagation  of  the  head  of  the  tide  approaches  more 
l«arly  the  law  that  the  rate  is  in  proportion  to  the  square  root 
>f  the  depth,  an  average  depth  in  several  rivers  giving  a  i-ate 
tf  propagation  of  21  miles  an  hour,  which  is  nearly  the  same 
troportion  as  in  the  sea  surrounding  these  coasts.  The  foUow- 
ng  examples  from  a  few  characteristic  rivers  will  show  the 
.(regularity  which  prevails  in  the  rate  of  propagation  : — 


no 
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The  Clyde.     Mr.  J.  Deas.     April,  1872. 
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The  Kersey.     Mr.  J.  M.  Rendell.    June,  1844. 
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The  flood  current  between  Liverpool  and  Ellesmere  runs  at 
the  rate  of  373  miles  an  hour. 
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Hood  current  ran  at  the  rate  of  4'46  miles  an  hour  at 
.m  and  Stonebeach.  The  bore  advanced  at  the  rate  of 
bo  13  miles  an  hour.  The  conditions  of  the  river  have 
ered  since  these  observations  were  taken,  and  the  tide 
I  excluded  from  the  upper  part  of  the  river. 

The  Yare.     Yarmouth.     Spring  tides. 
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The  Teet.     Mr.  John  Fowler.      1885.    Average  of  13  tides. 
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The  Seine.     M.  Belleville.     1885. 
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The  Humber.     Report  British  Association  and  Tide  Tables,  1864. 
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Tidal  PredictionB. — The  calculations  required  to  determine  the 
daily  time  and  height  of  the  tides  are  exceedingly  complicated, 
and  involve  the  working  out  of  an  immense  number  of  equa- 
tions, from  twenty  to  thirty  constituents  having  to  be  dealt 
with.  This  duty  is  undertaken  in  this  country  by  the  Admiralty, 
and  Tide  Tables  are  annually  issued  by  the  department,  giving 
the  diurnal  time  and  height  of  the  tide  at  twenty-four  repre- 
sentative ports  round  the  coast  of  the  British  Isles,  with  con- 
stants by  the  aid  of  which  the  time  and  height  can  be  found 
for  almost  every  known  port  in  the  world. 

For  the  purpose  of  saving  human  labour,  a  tide-predicting 
machine  has  been  invented  by  Sir  W.  Thompson.  The  object 
of  this  machine  is  to  predict  the  times  and  heights  of  the  tides 
for  a  year  for  any  port  for  which  the  materials  are  available 
from  local  observation.  The  records  obtained  by  a  tide-gauge 
are  reduced  to  their  constituents  by  haimonic  analysis^  by  means 
of  a  machine  also  designed  by  Sir  W.  Thompson.  For  each 
tidal  constituent  the  machine  has  a  shaft  with  an  overhanging 
crank,  which  carries  a  pulley  pivoted  on  a  parallel  axis  adjust- 
aV)le  to  a  greater  or  less  distance  from  the  shaft's  axis  according 
to  the  range  of  the  tidal  constituents  for  different  ports.     A  wire 
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bain  passes  over  or  under  alt  the  pulleys,  carrying  a  weight  at 
!end,  with  a  pencil  attached  which  makes  the  curve  on  a  band 
i^ier.  This  machine  can  work  off  the  whole  of  the  tides  of  a 
'  in  about  four  houra.  A  description  and  illustration  of  these 
bines  will  be  found  in  the  Min.  Pi-oc.  liitf.  0.  E,,  vol.  Ixv. 
►The  Tides,"  by  Whewel  and  Lubbock,  Fhil.  Tmiie.  1833: 
Ses  and  Waves,"  Prof.  Airy,  "  Encyclopiudia  Metropolitana ; " 
Ib  in  Robison's  "Mechanical  Philosophy,"  vol.  iii.  1822; 
■ervations  on  the  Tides  of  the  Irish  Sea  and  upon  the 
^ty  of  Tidal  Phenomenon  in  the  Irish  and  English 
Bnels,"  by  Ad.  Beeehey,  Phil  Tram..  1S47;  "£tude  sur  les 
TCment  dew  Mar6es  dans  la  partie  maritime  des  tieuves 
M.  L.  Partiot"  (Paris,  1861);  Tide  Tables  of  the  British 
!  Irish  Ports,  computed  by  Capt.  Harris,  II.N.,  publLAed 
Ijy  by  order  of  the  Lords  Commissioners  of  the  Admiralty ; 
nnaire  des  Maret!s  des  cotes  de  France,"  published  annually 
ftance  by  the  Service  Hydrographique ;  "  Tides  in  the 
Be,  and  on  Diurnal  Inequality,"  by  Whewel  (Royal  Society, 
n;  "The  Effect  of  the  Pressure  of  the  Atmosphere  on  the 
[  Level  of  the  Ocean,"  by  Sir  J.  C.  Ross,  R,N..  Phil.  Tmna.. 
"Tides  in  the  English  Channel  and  North  Sea,"  by 
I  Beeehey,  P/i  (7.  Trans.,  1857;  "Tides  in  the  Arctic  Seas," 
S.  Houghton,  Phil.  Trans..  1863-1866;  articles  on 
^and  waves  by  Prof.  Airy,  "  Encyclopsedia  Metropolitana;  " 
B  on  tides  by  Darwin  in  "Encyelopwdia  Britannica,"  1886  ; 
Association  Report  on  waves,  1837;  "On  the  Pheno- 
a  of  Stationary  Tides  in  the  English  Channel,"  1877 ;  Report 
I  Committee  appointed  for  promoting  the  extension,  im- 
meut,  and  harmonic  analysis  of  tidal  observations,  1S68; 
istructions  for  the  Practical  Working  of  Tidal  Observations. 
1  Harmonic  Analysis  of  Tidal  Observations,"  1886;  "Tidal 
prations  in  the  Humber,  Ouse,  and  Trent,"  1864 ;  '■  On  Tidal 
'  1868,  1870,  1871,  1872,  1876;  "On  Tides  in  the 
1875;  "Notice  of  Tidal  Observations,"  by  Admiral 
hr,  1861,  Proc.  Ifist.  C.E.;  "Harmonic  Analysis  and  Tidal 
'  by  Sir  W,  Thompson,  vol  Ixx. ;  "  An  Elementary 
:  on  the  Tides,"  by  J,  Pearson  (London,  J.  D.  Potter: 
;  "  H&nual  of  Tides  and  Tidal  Currents,"  by  S.  A.  Houghton 
I,  Caasell  and  Co.) ;  "  I'he  Tides,"  Christian  Knowledge 
,  London,  18-57  (out  of  print);  "Time  and  Tide,"  by  Sir 
h  Christian  Knowledge  Society. 


CHAPTER  VI. 

THE  PHYSICAL  CONDITIONS  OF  TIDAL  RIVERS. 

Rivers  may  be  divided  into  three  paxts — 

1.  The  fresh  water  or  non-tidal  portion. 

2.  The  part  within  the  coast-line  confined   within  limited 
boundaries,  through  which  the  tide  ebbs  and  flows. 

3.  The  estuary,  or  the  part  where  the  coast-line  opens  ont» 
leaving  a  wide  mouth  or  bay. 

Origin  and  Description  of  Rivers. — Rivers  in  their  original 
condition  were  formed  by  the  flow  of  the  water  off  the  land  to 
the  ocean,  the  development  of  their  present  shape  and  directicm 
being  due  to  the  work  of  ages.  In  this  part  of  the  world  they 
probably  received  their  main  characteristics  after  the  breaking 
up  of  the  Glacial  Period,  when  the  torrents  due  to  the  melting 
of  vast  masses  of  glaciers  and  icebergs,  pouring  off  the  land  and 
flowing  to  the  sea,  cut  deep  channels  and  conveyed  the  material 
eroded  in  their  course  with  them. 

The  vast  areas  of  sand  which  are  to  be  found  in  many 
estuaries  are  the  result  of  this  process.  In  the  early  condition 
of  the  river,  the  gradient  and  the  velocity  of  the  water  would  be 
much  greater  than  they  are  now.  The  remains  of  river  terraces 
in  many  valleys  testify  to  the  magnitude  of  the  streams  which 
then  poured  off  the  land.  Gradually  the  forces  of  the  erosiTe 
action  of  the  water  and  the  resistance  of  the  soil  balanced  one 
another,  and  the  struggle  also  between  the  tidal  water  and  the 
ebb  torrents  resulted  in  an  equilibrium  being  established  between 
the  contending  forces,  and  the  regime  of  the  rivers  as  they  now 
exist  became  established. 

There  are  two  sources  from  which  the  water  flowing  in,  a 
river  is  derived,  distinguished  respectively  as  tidal  and  fresh 
water. 
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The  tidal  water  enters  at  the  lower  end,  and  ia  derived  from 
the  tidal  wave  of  the  ocean,  which,  as  its  crest  passes  the  mouth 
of  the  river  or  its  estuary,  raises  the  level  of  the  water  during 
a  period  of  a  little  over  six  hours,  fillinj^  the  tidal  basin  and 
a  run  of  water  up  the  river ;  during  a  similar  period, 
trough  of  the  tidal  wave  passes  the  estuary,  the  process  is 
The  supply  of  tidal  water  is  thus  constant,  the  same 
ity  passing  out  of  the  estuary  on  the  ebh  as  entered  during 

le  tidal  motion  continues  as  a  wave  so  long  as  the  depth 
'■water  in  the  low-water  channel  is  suflicient  for  its  generation, 
Wt  is  converted  into  a  current  as  the  depth  shoals. 

This  supply  of  tidal  water  from  the  sea  has  enabled  many 
rivers  to  be  used  for  navigation  which  otherwise  would  not  have 
had  the  necessary  depth  of  water. 

The  water  poured  in  at  the  upper  end  of  a  river  also  comes 
from  the  sea,  but  by  a  different  process.  This  is  due  to  the 
evaporation  caused  by  the  sun,  the  vapour  formed  being  col- 
lected into  clouds,  condensed  again,  and  in  the  form  of  i-ain 
falling  on  the  land,  and  is  then  collected  into  the  brooks  and 
rivulets  which  feed  the  rivers. 

The  supply  of  fresh  water,  therefore,  is  limited,  variable,  and 
intermittent.  This  fresh  water  only  travels  in  one  direction. 
Obeying  the  law  of  gravity,  it  ever  continues  a  constantly  down- 
ward course,  except  during  the  time  it  ia  headed  back  by  the 
tide,  until  it  reaches  the  lowest  point  attainable — that  is,  the 
trough  of  the  tidal  wave. 

In  the  middle  zone  of  the  river,  between  the  purely  tidal  and 
the  fresh  water,  the  currents  assume  the  oscillating  motion  due 
to  tidal  inHuence.  The  current  alternately  Hows  both  ways, 
being  driven  back  and  raised  up  during  the  flood  tide,  and 
running  down  and  it.i  level  depressed  during  the  ebb.  Under 
cartain  conditions,  the  action  due  to  the  tide  may  be  simply  a 
raising  of  the  level  without  a  reversal  of  the  current. 

Salt  and  Fresh  Water.— The  waters  coming  from  these  two 
soorces  vary  in  their  character.  That  which  is  supplied  from 
the  sea  is  of  greater  specific  gravity,  and  contains  a  larger  amount 
of  salts  in  solution,  than  that  which  comes  from  the  land, 

Pure  fresh  river-water,  at  a  temperature  of  60°,  has  a  specific 
gravity  of  I'OO,  and  contains  about  316  grains  of  salt  in  a  cubic 
foot  of  water.     Sea-water  on  an  average  has  a  specific  gravity 
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of  1'02G,  and  conbains  about  from  0230  to  6853  grains,  or  Rcatl| 
I  lb.,  of  salt  in  a  cubic  foot. 

In  the  Dead  Sea  the  quantity  amounts  to  34,738  grains,  \ 
Dearly  5  lbs.,  in  a  cubic  foot.     In  the  Baltic,  where  there  ia 
very  large  proportion  of  fresh  and  very  little  tidal  water,  U 
specific  gravity   is    1-005;   in   the   Mediterranean   the   specifil 
gi-avity  is  1'029. 

The  greater  density  of  sea-water  prevents  its  rapid  mixtuiv 
with  the  fresh  water  in  a  river,  and  frequently  two  distinct 
columns  of  flowing  water  can  be  traced  in  the  same  stream. 
Fresh  water  rises  on  salt  water,  and  flows  on  tlie  top  of  it  soma- 
thing  in  the  same  manner  as  oil.  Thus,  in  the  Gulf  of  Mesieg^ 
the  water  from  the  Mississippi  may  be  traced  in  a  column  7  feei 
deep  on  the  surface,  extending  out  from  the  shore,  and  slowly 
mixing  with  the  aalt  water  as  the  column  is  spread  over  a  wider 
area  and  is  agitated  and  broken  by  the  wind.  Beneath  the 
Iresh  water  there  is  a  current  of  salt  water  setting  into  the  river, 
while  the  fresh  water  on  the  surface  is  flowing  out  At  til* 
mouth  of  the  Rhone  the  river-water  spreads  out  on  the  surfan 
of  the  sea,  the  den-sity  of  which  is  1027,  in  a  layer  which  some- 
times extends  for  10  miles  from  the  mouth.  This  layer  of  freA 
water  is  so  thin  that  the  wash  of  a  vessel  suffices  to  bring  Um 
.salt  water  to  the  surface. 

The  varj'ing   density  of  salt  and   fresh   water   affects 
flotation  of  immersed  substances.     Stones  and  pebbles  are  mon 
easily  moved  in  sea-water,  and  vessels  have  a  greater  draft 
the  fresh  water  of  a  river  than  in  the  sea. 

The  proportion  of  tidal  to  fresh  water  varies  considerably  in 
different  rivers. 

In  the  Thames,  the  volume  of  tidal  water  in  the  river  from 
Sheemess  to  Teddington  was  given  by  Mr.  Mansergh  at  iha 
Metropolitan  Sewage  Inquiry  as  752  millions  of  cubic  yarJs; 
the  fresh-water  flow  as  1\  millions,  the  tidal  being  about  331 
times  greater  than  the  fresh.  In  the  Humber  the  tidal  water 
is  250  times  as  great.  In  the  Mersey  the  volume  of  tidal  water 
ia  281  times  greater  than  the  fresh.  In  Cromai'ty  Firth  the  flow 
of  the  spring  tides  is  stated  by  Mr.  Stevenson  to  be  1541  timM 
greater  than  the  fresh  water  in  summer. 

Agents  of  Haintenanoe.  —  There  are  two  principal  agenta 
always  at  work  in  tidal  rivers,  one  tending  to  shoal  and 
deteriorate  the  channel,  the  other  to  maintain  and  deepen  it 
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Tlie  agencies  which  tend  to  slioal  the  channel  are  the  tiana- 
[jorting  power  of  the  fresh  water,  which  brings  detritus  down 
firom  the  upfier  reaches ;  the  winds  and  waves,  which  erode  the 
cliffs  and  banks ;  and  the  eun-ents  which  disturb  the  sand-beds 
in  the  estuary.  The  material  thus  brought  into  the  channel, 
if  left  at  rest,  rapidly  subsides  in  the  lower  part  and  raises 
its  bed. 

The  continual  oscillation  of  the  water  due  to  the  tides  ia  the 
chief  agent  which  keeps  the  detritus  in  motion  and  prevents  its 
d^tosit.  The  current  of  the  fresh  water,  always  flowing  in 
one  direction,  is  the  chief  agent  of  transport  which  carries  the 
material  away  out  of  the  channel  to  the  sea.  Its  capacity  to 
transport  the  solid  matter  continues  in  a  diminishing  ratio  until 
the  termination  of  its  course.  As  it  approaches  the  tidal  portion 
of  the  channel,  the  conditions  of  flow  become  so  altered  that  the 
tendency  to  deposit  is  greater  than  the  transporting  force. 

In  a  tidal  river  this  solid  matter  is  kept  in  movement  by  tiie 
oscillating  action  of  the  tides,  until  it  is  finally  carried  out  to 
sea  or  deposited  on  the  shores  of  the  estuary,  where  it  settles 
and  forms  the  salt  marshes  to  lie  found  on  the  coast. 

In  non-tidal  rivers,  as  the  current  slackens  on  approaching 
the  sea,  the  material  settles  at  its  mouth  and  form.s  deltas. 

The  ever-continuous  motion  of  the  water  in  tidal  rivers,  and 
the  constant  reversal  of  the  direction  of  flow,  therefoi-e,  gives 
tlwee  rivers  a  great  advantage  over  tideless  rivers,  in  which  the 
current  of  the  stream  is  always  in  one  dii-ection. 

Regime  of  EiverB. — Under  natural  conditions,  the  forces  at 
work  in  a  tidal  river  adjust  themselves  so  as  to  establish  an 
equilibrium  between  the  eroding  agency  of  the  current  and  the 
tenacity  of  the  soil  of  which  the  bed  aud  banks  are  formed,  and 
the  slope  becomes  so  regulated  that  the  velocity  is  sufficient  for 
the  transport  of  the  detritus. 

When  unconfined  by  banks,  the  direction  also  of  the  low- water 
channels  through  beds  of  sand  and  silt  is  the  result  of  a  balance 
of  forces  set  up  by  gale.s,  currents,  floods,  and  other  disturbing 
cauHC«.  A  comparison  of  the  charts  of  a  sandy  estuary  extending 
over  several  years  will  show  that,  although  at  times  the  course 
of  the  channels  may  he  altered  by  the  ]>revalence  of  gales  from 
one  direction,  of  continued  land-floods,  or  of  long  periods  of  dry 
weather,  giving  undue  influence  either  to  the  tidal  or  fresh- 
water agency,  yet  there  is  one  course,  of  a  more  or  less  stable 
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character,  to  which  the  low-water  channel  always  reverta  under 
normal  conditions. 

Junction  of  RiverB  with  the  Sea. — The  angle  or  direction  id 
which  a  river  joins  the  sea  is  affected  by  the  shape  of  the 
adjoining  coast,  the  set  of  the  tide,  the  direction  and  force  of 
on-shore  gales,  and  the  travel  of  littoral  drift. 

An  examination  of  the  charts  of  the  coasts  of  this  country 
will  show  that  in  the  great  majority  of  cases  the  line  of  direction 
of  the  main  low-water  stream  where  it  enters  the  sea  is  nearly 
at  right  angles  to  the  main  set  of  the  tidal  stream  along  the 
coast,  or  inclining  rather  in  the  direction  of  the  set  of  the  tidal 
ebb  and  tiow.  In  some  instances,  as  in  the  Thames,  the  low- 
water  channel  cui'ves  in  the  direction  to  meet  the  set  of  the 
dood  tide,  and  the  same  is,  to  a  smaller  extent,  that  of  the  Wash. 
The  Humber,  on  the  other  hand,  enters  the  North  Sea  at 
angle  of  about  forty-tive  degrees  away  from  the  direction  of  the 
flood  tide.  In  the  Kibble  and  the  Mersey,  the  low-water  channeti 
passing  through  the  sands  generally  trend  in  the  direction  of  the 
tidal  currents.  In  several  cases,  as  in  the  Bristol  Channel,  the 
direction  is  directly  in  line  with  the  set  of  the  flood  current 
Many  outfalls  will  be  found  to  face  the  dii-ection  from  whic^ 
the  heaviest  on-shore  gales  come. 

Sooroe  of  Setrittts  in  Kivera. — Although  there  may  be  excep* 
tions,  the  material  which  a  river  has  to  deal  with  is  supplied 
from  the  interior,  and  not  from  the  sea.  This  may  be  proved 
by  an  examination  of  the  material  in  su.spcnsion,  or  of  the  water 
coming  in  with  the  tide  from  the  sea.  Even  where  the  tide 
flows  over  a  va.st  mass  of  sands,  such  as  those  which  lie  aloi^ 
the  coast  outside  the  mouth  of  the  river  Mersey  and  the  Ribblfl|< 
or  of  the  Humber  and  the  Severn,  it  will  be  found  that  Utf 
tidal  water  flows  into  those  estuaries  bright  and  clear,  and  freft 
from  deposit,  except  in  stormy  weather,  and  that  it  only  becomn 
turbid  after  it  has  mixed  with  the  ebb.  That  a  contrary  vie# 
to  this  prevails  is  shown  by  the  fact  that  Sir  John  Rennie,  in 
his  scheme  for  the  reclamation  of  lands  in  the  Wash,  on  the 
East  Coast,  calculated  on  the  deposit  of  the  material  broughfi 
from  the  North  Sea  into  the  Wash  in  suspension.  A&  a  inatt«^ 
of  fact,  except  in  stormy  weather,  the  water  passes  up  BoetoS 
and  Lynn  Deeps  bright  and  clear,  free  from  any  matter 
suspension,  and  in  stormy  weather  the  sand  which  is  stirred 
up  is  only  rolled  a  short  distance  into  the  channel. 
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In  the  Severn,  above  the  juncture  of  the  Avon,  the  water  in 
the  river  is  very  muddy,  being  largely  cliarged  with  alluvial 
matter.  The  zone  where  the  proportion  of  solid  matter  to  water 
is  greatest  varies  with  the  amount  of  freshets  coming  down. 
Below  the  Avon  tlie  channel  gradually  becomes  less  muddy,  until 
off  Swansea  it  is  quite  bright  and  clear. 

The  Ouse  and  the  Trent  are  more  iully  charged  with  detritus 
tban  any  river  in  this  country.  As  in  the  Severn,  the  zone 
where  the  proportion  of  detritus  is  greatest  varies  with  the 
quantity  of  fresh  water  coming  down,  but  is  always  greater  in 
tliese  rivers  than  in  the  Huraber,  into  which  they  How.  Samples 
of  water  taken  by  the  author  in  these  rivers  and  the  Humber  at 
the  same  time  showed  the  following  results.  In  the  Trent  below 
Gainsborough  there  were  2C1'87  grains  of  solid  matter  in  a  cubic 
foot  of  water;  six  miles  above  Trent  Falls,  where  it  joins  the 
Humber,  there  were  31  oO  grains  on  the  first  of  Hood,  the  water 
itself  being  excessively  turbid.  In  the  Humber,  at  Spurn 
Point,  during  the  flood  tide,  there  were  only  135  grains,  consist- 
ing entirely  of  clean  particles  of  sand,  the  water  itself  being 
bright  and  clear,  showing  that  the  material  in  the  Trent  could 
not  have  come  from  the  sea. 

It  has  frequently  been  stated  that  the  material  derived  from 
tbe  degrailation  of  the  clay  cliffs  along  the  coast  to  the  north  of 
the  Huraber  is  carried  by  the  tide  into  that  river,  and  is  the 
cause  of  the  large  amount  of  alluvium  to  he  found  in  suspension 
in  the  water.  There  ia,  however,  no  evidence  of  the  water 
entering  the  Humber  being  discoloured  by  this  alluvium,  as 
would  bo  the  ca.se  were  it  carried  into  the  river  by  the  tide. 
The  material  of  which  these  clifls  are  composed  is  clay  and 
boulders,  the  former  of  which  soon  becomes  disintegrated  and 
broken  up  into  particles  sufHciently  minute  to  be  moved  about 
in  suspension  in  the  water  so  long  as  it  is  in  motion.  By  the 
constant  oscillation  of  the  tides,  these  particles  become  diffused 
tbroogbout  a  very  large  area  of  water,  which  gradually  extends 
with  each  oscillation  of  the  tide.  Part  of  it  also  settles  down  to 
the  bottom  of  the  sea  in  calm  weather  at  the  slack  of  high  and 
Jow  water.  Taking  the  volume  of  water  in  motion  at  the 
entrance  to  the  Humber  during  the  iuHow  of  the  tide  and  the 
quantity  of  material  eroded  from  the  cliffs,  and  supposing  the 
whole  of  the  material  reaches  as  far  as  this,  the  calculation  will 
be  found  to  work  out  to  only  a  very  small  fraction  of  a  grain  to 
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a  cubic  foot  of  the  water.  The  travel  of  material  in  suspension 
in  tidal  water  advances  very  slowjj,  being  continually  moved 
forwards  and  backwards,  and  with  each  oscillation  becoming 
more  widely  diffused.  It  is,  therefore,  very  improbable  tlul 
any  of  this  detritus  is  ever  carried  into  the  Humber,  and 
certainly  not  into  the  Wash. 

The  vast  areas  of  sand  which  are  to  be  found  in  many 
estuaries  are  instanced  as  proofs  that  the  sea  is  continually 
transporting  material  and  depositing  it  in  these  receptacles 
As  already  pointed  out,  howeyer,  an  examination  of  the  facts 
does  not  warrant  any  such  conclusion.  These  sandy  estnaiiei 
have  maintained  their  condition  with  slight  variation  as  long 
as  any  record  exists,  and  must  be  due  to  some  great  alteration 
of  climatic  conditions.  K  the  operation  of  transporting  sand 
from  the  sea  into  the  rivers  were  continuously  going  on,  these 
estuaries  would  have  been  dry  land  many  ages  ago.  The  bed  of 
the  sea  being  at  a  lower  level  than  that  of  an  estuary,  there 
must  be  a  constant  tendency,  due  to  gravity,  for  the  material  to 
travel  to  the  sea. 

Ebb  and  Flood  Correnta. — ^The  duration  of  the  ebb  in  rivers 
and  estuaries  is  longer  than  the  flood,  the  difference  depending 
on  the  low-water  depth  and  the  condition  of  the  river.  There 
is  not,  as  a  rule,  any  great  discrepancy,  especially  in  a  river  in 
good  order,  between  the  time  actually  occupied  by  the  flowing 
and  ebbing  of  the  actual  tidal  water,  the  difference  being  taken 
up  by  the  time  required  for  the  discharge  of  the  fresh  water 
coming  down  on  the  ebb,  and  of  such  of  it  as  had  been  penned 
up  and  held  back  by  the  rise  of  the  tide. 

As  soon  as  the  flood  tide  begins  to  make  up  a  liver,  the 
downward  current  is  at  first  checked  and  finally  arrested,  and 
so  long  as  the  tide  continues  to  flow,  and  until  it  has  ebbed  out 
again  suflSciently  low  to  allow  of  the  escape  of  the  fresh  water, 
this  is  accumulating,  the  river  being  converted,  as  it  were,  into 
a  reservoir  to  hold  it  during  tide  time.  On  the  turn  of  the  tide, 
there  has  then  to  be  discharged,  not  only  the  ordinary  supply  of 
fresh  water,  but  the  quantity  accumulated  in  the  reservoir,  and 
all  the  last  part  of  the  ebb  consists  of  this,  and  not  of  tidal 
water. 

Thus  in  the  Mersey,  as  will  be  seen  from  the  diagram 
given  in  the  description  of  that  river,  between  the  bar  and 
New  Brighton   during  the  two   middle  quarters   of  the  flood 
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nd  ebb  tide,  the  time  of  ebb  and  flood  was  aUmt  the  sune ; 
uul  from  bigh  water  to  the  last  f|usrter  the  ditTerenc^  in 
hvour  of  the  ebb  was  less  tb&n  half  aa  hoHT,  the  difference 
luring  the  time  from  low  water  to  the  first  quarter  bein^  more 
khan  an  hour  and  a  half.  Between  Garston  and  Runcorn  the 
lood  only  lasted  3  hre.  50  min.,  taking  ti  hrs.  10  min.  for  the 
ibb  to  fall  to  low-water  level. 

The  greatest  velocity  of  tidal  water  is  at  about  half-tlood  or 
balT-ebb.  At  tbe  first  quarter  of  dood  it  has  to  reverse  the 
letion  of  the  ebb,  and  has  shallower  water  in  which  to  propagate 
iteelf.  In  tlie  first  quarter  of  ebb  the  direction  of  the  stream 
has  to  be  reversed,  and  at  first  the  inclination  of  the  surface  is 
less  than  that  which  later  on  occurs.  lu  the  middle  period  the 
water  moves  with  the  greatest  velocity,  and  then  the  rise  and 
fall  is  nearly  twice  as  much  as  during  the  first  and  last  quarters. 
That  the  motion  of  the  water  is  greatest  at  this  perio<i  is  shown 
by  the  action  of  floats,  the  greatest  progress  being  made  with 
these  at  half-flood  and  half-ebb,  and  the  least  near  low  water  and 
high  water. 

The  ebb  has  an  advantaije  over  the  flood  in  not  having  to 
expend  the  same  amount  of  energy  in  reversing  the  direction  of 
the  current.  The  Hood-current  has  to  create  its  own  head. 
Having  arrived  at  high  water,  there  is  a  period  of  slack.  The 
natural  action  of  gravity  of  water  flowing  from  the  higher  level 
of  the  river  assists  in  carrj-ing  the  ebb  water  downwards,  and 
in  transporting  the  material  in  suspension. 

The  flood  tide  has  a  greater  erosive  action  than  the  ebb. 
IVhere  the  last  of  the  ebb  consLsts  of  fresh  water,  the  flood, 
iwing  to  the  greater  density  of  the  salt  water,  drives  its  way  in 
\  wetlge-fihaped  form  under  the  fi-esh  water,  exerting  an  eroding 
kction  which  loosens  the  particles  of  alluvium  which  had  settled 
in  the  bottom,  and,  by  placing  them  again  in  suspen-sion,  faeili- 
Btes  their  removal  by  the  ebb.  The  flood  is  therefore  a  valuable 
kgent  in  keeping  the  channels  open. 

Aa  the  tide  rises  and  the  water  begins  to  cover  the  sandbanks 
n  an  estuary,  the  flood  has  to  overcome  the  resistance  due  to 
fravity,  and  has  to  lift  the  material  it  baa  in  suspension  up  the 
Dclined  plane  presented  by  these  hanks,  and  roll  the  particles 
Jong  tbe  sand,  and  has  also  to  overcome  the  friction  due  to  the 
ubbing  of  the  water  along  the  sand.  Although,  therefore,  the 
lay  come  in  with  a  greater  mumentiun  and  velocity  than 
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the  ebb  flows  out,  its  energy  is  dissipated  in  overcoming  these 
resistances. 

Evidence  is  further  afforded  of  the  preponderating  effect 
of  the  ebb  over  that  of  the  flood  by  the  fact  that,  in  addition 
to  transporting  back  any  material  brought  up  by  the  flood, 
it  has  also  to  carry  away  out  of  the  channel  of  the  river  or 
estuary,  the  alluvial  matter  brought  down  by  the  river  in  floods. 
Apart  from  disturbance  caused  by  fresh-water  floods,  the  eflFeet 
of  the  ebb  and  flood  currents  is  equal  The  movable  material 
disturbed  by  the  water  oscillates  backwards  and  forwards  with 
the  tides,  travelling  greater  or  less  distances  as  the  springs  or 
neaps  prevail ;  but  the  detritus  that  comes  with  the  fresh  water 
is  new  matter,  and,  unless  moved  clear  of  the  channel,  would 
in  time  fill  it  up.  The  duty  of  its  removal  is  performed  by  the 
same  agent  that  brings  it — that  is,  the  fresh  water. 

If  material  were  brought  in  from  the  sea  in  a  greater  quantity 
than  the  ebb  could  carry  back,  the  tidal  estuaries  and  rivers 
must  have  ceased  to  exist  many  ages  ago.     If,  on  the  other  hand, 
the   ebb  were   continually  carrying  out  a  greater  quantity  of 
material  than  the  flood  brings  up,  the  channels  would  go  on 
continually  deepening.     There  are  numerous  examples  of  bays 
and  narrow  inlets  running  a  long  distance  from  the  sea  inland, 
where  no  disturbance  occurs  from  the  admission  of  land  freshets, 
and  where  the  water  is  purely  tidal.     The  regular  ebb  and  flow 
of  the  tides  maintain  these  channels  in  a  stable  condition,  and 
there  is  sufficient  evidence  to  show  that  they  have   remained 
in  the  condition  in  which  we  now  find  them  since  the  last  great 
change  in  the  physical  condition  of  the  country  took  place. 

As  an  example  of  this  may  be  quoted  Southampton  Water, 

which  is  a  channel  five  and  a  half  miles  long  and  about  half 

a  mile  wide,  between  banks  of  soft  mud  which  are  covered  at 

high   water,   and   which   has  a  depth  of  from  9  to  5  fathoms 

at  low  water.     Its  connection  with  the  sea  is  by  the  narrow 

strait  of  the  Solent,  between  the  coast  and  the  Isle  of  Wight, 

through  which  the  tidal  water  has  to  travel  fifteen  miles,  and  by 

tbe  channel  on  the  east  side  of  the  island,  which  meets  the  other 

at  the  mouth  of  Southampton  Water.     The  river  which  empties 

into  the  head  is  too  insignificant  to  keep  such  a  large  channel 

s<2oured,  and  if  deposit  were  brought  in  by  the  tides  from  the 

sc^a,  this  channel  would  rapidly  have  filled  up. 

Tidal   water  alone,  although  very  much  larger    in    volume 


the  freab  water,  has  not  the  same  effect  aa  upland  water  in 

Caxryinj;  material  otit  of  the  channel.     The  quantity  of  water 

comiiijr  in  with  the  title  being  the  same  aa  that  which  goea  out. 

the  material  moved  on   the  bottom  will  not  greatly  differ  in 

qtiajitity.     What  ia  rolled  up  by  the  flood  will  be  rolled  back  by 

the  ebb,  the  latter  having  rather  thu  advantage ;  but  with  matter 

in  suspension   the   case   is   different.      This    becomes    diffused 

throughout  the  increased  volume  of  water  due  to  the  tide,  and 

the  quantity  left  in  the  water  in  the  river  is  so  much  less  by 

that  which  has  passed  out  with  the  tidal  water ;  the  quantity 

will  depend  on  the  distance  any  paiticular  section  is  from  the 

«ea    The  tidal  water  from  the  section  nearest  the  sea  all  passed 

out  of  the  river;  when  a  certain  distance  is  reached,  the  water 

in  the  river  is  only  driven  back,  and  a  partial  diffusion  only 

takes  place ;  in  the  u[)per  pai't  of  the  river  no  sea-water  reaches. 

_   and  here  the  quantity  of  matter  in  sU3pen.sion  is  not  affected  by 

LjkfcluUl  infiuence.* 

^HpU  rate  of  actual  travel  forward  of  material  brought  into 
^^Har  by  land  Hoods,  or  eroded  by  the  action  of  the  water, 
^^HUs  on  the  amount  of  fresh  water,  and  its  effect  in  strengtben- 
^^^Hd  prolonging  the  ebb.  As  an  illustration  of  tliis,  the  case 
^^^BlTrent  and  the  Ouse  may  be  taken.  These  rivet's,  as  already 
^Wloned,  contain  a  very  large  quantity  of  matter  in  suspension, 
DfODglit  down  in  freshets  from  the  large  area  of  land  which  they 
dnia,  and  also  from  the  solid  matter  contained  in  the  sewage 
discharged  into  them,  which  cannot  amount  to  leas  than  15,000 
tons  a  year.  The  quantity  of  solid  matter  in  suspension  at 
certain  seasons  is  so  great  that,  if  the  water  is  allowed  to  flow 
on  and  ofl'  land  adjacent  to  the  rivers  and  remain  there,  it  will 
ause  a  deposit  at  the  rate  of  from  2  to  3  feet  in  a  season. 
This  process  can  only  be  carried  on  in  summer.  When  freaheta 
ue  coming  down  the  river,  the  ebb  current  is  so  strengthened 
u  to  kevp  the  material  continually  moving  downwards,  and  in 
long-continued  wet  weather  it  reaches  the  sea ;  but  under  ordinary 
ooti'litions  a  large  proportion  does  not  get  beyond  the  lower 
nachcs  of  the  river.  As  the  freshets  fall  off,  this  is  again  brought 
up  by  the  flood  and  carried  back  by  the  ebb,  thus  continually 
oscillating  backwards  and  forwards  in  the  rivers. 

Professor  Unwin,  in  a  pamphlet  published  in  1883  on  the 
effect  of  tidal  water  with  reference  to  sewage  discharge  in  a  river, 
•  See  Dote,  p.  142. 
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fttaies  that,  as  the  results  of  calculations  which  he  had  made,  be 
had  arrived  at  the  conclusion  that  the  direct  effect  of  upland 
water  pouring  into  a  tidal  river  is  to  displace  down-stream  all 
the  water  below  it  by  a  distance  which  at  each  point  is  equal  to 
the  length  of  the  river-bed  which  the  upland  water  woold 
occupy.  In  the  upper  part  of  the  river  the  displacement  dae  to 
the  upland  water  might  be  considerable,  and  here  the  upland 
water  must  have  a  large  influence  in  maintaining  the  rigiiM  of 
the  river.  In  the  lower  reaches  the  displacement  due  to  tbo 
upland  water  is  small  compared  to  the  tidal  oscillation,  and  the 
effect  of  the  upland  water  in  canying  material  seawards  n 
extremely  slow.  Thus  he  calculated  that  in  the  Thames  it 
would  take,  during  an  ordinary  winter  flood,  65  days  to 
discharge  at  Sheemess  material  entering  the  river  at  Woolwich, 
a  distance  of  31  miles.  In  summer  he  estimated  the  distance  it 
one-third  of  this,  and  during  excessive  floods  the  travel  might  be 
increased  to  eight  times  the  above.  He  considers  that  the  miii 
effect  of  tidal  water  is  to  drive  back  the  water  which,  at  the  end 
of  the  ebb,  occupies  the  river  channel.  In  each  length  of  a  river 
the  water  is  driven  back  a  certain  distance,  and,  apart  from  tj» 
mixing  action  which  goes  on,  no  water  coming  from  below  wiB 
reach  a  higher  point  in  the  river.  Thus,  for  example,  in  the 
Thames,  water  at  Sheemess  is  driven  back  lOJ  miles,  and  no 
water  from  below  Sheemess  reaches  a  higher  point  in  the  river; 
the  water  at  the  end  of  the  ebb  at  Erith  is  driven  back 
8  miles  to  Woolwich,  and  so  on ;  and  so  water  at  the  end  of  one 
ebb  at  Woolwich  is  driven  back  10  miles,  less  the  amount  due  to 
the  displacement  caused  during  tidal  flow  by  the  upland  water. 
At  the  end  of  the  next  ebb  it  travels  back  10  miles  plus  the 
displacement  due  to  the  upland  water,  or  say  half  a  mile  lower 
down  than  at  the  previous  ebb ;  the  conclusion  being  that  tidal 
action  alone  effects  directly  no  change  in  the  material  water  in 
the  river,  but  merely  a  reciprocating  oscillation  over  a  certain 
length.  If,  tlierefore,  there  were  no  mixing  action  between 
water  driven  up  by  the  tide  and  that  initially  in  each  compart- 
ment, the  river  would,  down  to  the  sea,  become  ultimately 
entirely  fresh  water.  If,  on  the  other  hand,  the  supply  of 
upland  water  were  stopped,  the  whole  water  in  the  river  would 
become  of  the  density  of  salt  water. 

Observations  as  to  the  extent  of  the  oscillation  of  the  tidal 
water  in  the  Thames  have  been  carried  out  at  different  times 
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ith  reference  to  the  inquiries  made  as  to  the  ilischarf^e  of  the 
■ondoD  ^wage  into  the  river,  the  details  of  which  will  be  found 
a  the  report  and  evidence  of  the  Royal  Commisaion  on  Metro- 
xiUtan  Sewage  in  1883. 

Pi-oeeeding   on   the    same    lines    sa    Professor   Unwin,   Mr. 

Baldwin  Latham  endeavoured  to  show  that  the  actual  travel  of 

the  fresh  water,  and  its  effect  in  carrying  solid  material  to  the 

jGm<!Ould  he  shown  by  the  proportion  of  chlorine  in  any  given 

■jiiint  of  the  river.     He  treated  the  actual  quantity  of  fresh 

^Kc  coming  over  Teddingtou  Weir  as  a  column  occupying  a 

HmWd  space  and  working  its  way  out  to  sea  through  the  larger 

volume  of  salt   water   with   a   certain   velocity.     The  normal 

aiaount  of  chlorine  found  in  the  estuary  at  the  mouth  of  the 

river  being  determined,  the  quantity  of  chlorine  found  in  any 

pven  section   would  show  what   proportion  of  thia  area  waa 

occupied  by  salt  water  and  wliat  by  ficsh  water.    The  proportion 

of  the  area  occupied  by  the  fresh  water  divided  by  the  volume 

fould  give  the  velocity  or  i-ate  of  travel  of  the  fresh  water. 

The  rate  at  which  the  fresh-water  coluiun  must  travel  to  caiTy 

out  a  given  volume  being  thus  deturmined,  it  was  calculated 

tbtt  vith  an  ordinary  discharge  of  about  1300  cubic  feet  a  second 

eomiug  over  Teddington  Weir,  it  would  take  12  days  to  reach 

Bukhig,  30{  miles,  and  :10  days  from  there  to  Southend,  33^ 

uiilea.    Wliereas  when  the  ijiiaiitity  of  fresh  water  was  increased 

siifold  by  a  flood  to  about  fSOOO  cubic  feet  a  second,  the  rate  of 

ttivel  was  3  days  to  Barking,  and  1 1  days  from  there  to  Southend, 

this  showing  the  much  greater  effect  which  the  fresh  water  has 

in  transporting  deposit  in  the  upper  reaches,  where  the  fresh 

»»ter  I>ears  a  lai-ger  proportion  to  the  tidal  than  in  the  lower 

reaches. 

Floats  have  also  been  placed  in  the  river  and  allowed  to 
iwdUate  up  and  down  for  several  days.  The  first  observations 
were  made  by  Mr.  Phillips  in  IS51,  with  floats  6  feet  long,  and 
1'^  inches  square  at  the  bottom  and  G  inches  at  the  top.  These 
9«4tB  were  put  in  the  river  at  Barking  at  a  time  when  tliere  was 
Very  little  fresh  water  flowing  down.  The  floats,  on  the  average, 
*ent  up  with  the  flood  12  miles,  and  back  down  with  the  ebb 
1!^  mileB,  showing  a  downward  advance  of  only  one-third  of  a 
uiie  per  day.  Other  observations  made  from  June  to  August 
showed,  as  the  result  of  74  runs,  an  average  rate  of  11 '98  miles  . 

^^ud  12'Cl  miles  down,  or  a  daily  advance  of  I^  mile  down.  J 

k \ 
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It  was  found  that  as  the  tides  took  off  from  the  spring  the  ebbi 
became  more  powerful,  and  at  the  neaps  the  floats  made  a  greater 
advance  downwards  than  at  springs.  In  1882  further  observ*. 
tions  were  made  by  Mr.  P.  Birch,  under  Mr.  Latham's  directioni. 
The  iloats  were  octagonal,  12  feet  6  inches  long.  HJ  inches 
diameter,  and  immer.sed  12  feet.  The  floats  were  put  in  it 
Barking  in  September,  respectively  at  high  water,  at  half-ebb, 
and  at  low  water,  and  each  set  allowed  to  float  up  and  down  the 
river  during  two  lunations.  During  this  period  they  descended 
on  an  average  two  miles.  The  float  put  in  on  the  top  of  the 
spring  tides  descended  during  the  springs  15  miles,  and  ascended 
within  277  miles  of  the  starting-point;  during  neap  tides  it 
descended  17'5G  miles,  and  ascended  within  7(i5  miles  of  the 
starting-point.  The  average  distance  travelled  each  tide  by  the 
floats  upon  all  ebb  tides  was  1264  miles  down,  and  on 
1260  miles  up.  The  fresh  water  passing  over  Teddington  W( 
at  the  time  was  rather  above  the  summer  average. 

The  observations  were  not  extended  over  a  suflieieni 
lengthened  period  to  show  what  the  increased  rate  of  travi 
would  be  when  a  freshet  was  coming  down  the  river,  but  soi 
limited  observation.^  taken  when  the  quantity  of  water  coi 
over  Teddington  Weir  had  increased  above  the  normal  sumi 
flow,  showed  that  the  rate  of  downward  progress  of  the  fl( 
rapidly  increased  with  the  increase  of  fresh  water. 

Float   experiments   have   also  been  made   in  the  Clyde 
different  periods,  the  results  being  recorded  in  a  report  on  "Tl 
Tidal  Velocities  in  the  River  Clyde,"  by  Mr.  James  Deas,  isai 
in  1881.     The  floats  used  in  the  earlier  experiments  were  3  ft 
long  by  3  inches  square,  weighted  at  the  bottom  so  as  to  ki 
them  upright.    Subsequently  the  length  was  inorea-sed  to  11  feet, 
and  the  diameter  to  4  inche.s.     Wooden  floats  made  in  the  form 
of  a  cross  were  also  used.     These  were  2  feet  6  inches  wide, 
each  arm  of  the  cross  being  6  inches  wide  and  1  foot  4^  inches 
deep.     A  lead  weight  was  attached  to  the  centre  at  the  bottom. 
the  whole  of  the  crows   being   immersed,  and  only  a  point  of 
wood   projecting.      Oranges  were  also   used    as   surface   floats. 
Some  of  the  experiments  were  made  in  1879,  before  the  weir 
across  the  river  above  Glasgow  was  removed,  and  others 
after  its  removal.     They  were  conducted  in  the  month  of  June, 
when  only  the  ordinary  amount  of  summer  fresh   water 
running  down  the  river.     The  floats  were  started  from  Olasgoi 
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bridge,  and  were  watched  night  and  day.     In  1879,  in  ten  tides 

the  floats  reached  Goiiicock  Bay,  24  miles  down,  being  at  the 

rate  of  242  miles  per  tide.     In  1881,  after  the  same  number  of 

tides,  the  floats  reaeht'd  Fort  Matilda,  235  miles,  or  at  the  rate 

of  2'35  miles  per  tide.    These  are  averafje  results.    Of  six  trials  the 

slowest  advance  was  lG8railepertidc,  and  thefiuickestySG  miles. 

The  result  of  experiments  conducted  by  the  author  in  the 

river  Witham,  showed  that  a  solid  wooden  float,  G  feet  long, 

12  inches  square,  and  floating  six  inches  out  of  the  water,  started 

from  the  entrance  to  Boston  Dock  half  an  hour  after  high  water 

in  6    hrs.    21    min.    travelled    down    the    river    to    Clayliole, 

fi'GS  miles,  the  la.st  two  miltts  being  in  the  open  estuary  outside 

the  river.      It  remained   stationary  an   hour,  and  returned  to 

its  starting-place  in  3^   hours,  reaching  there  about  one  horn- 

Wore  high  water.     The  rate  of  travel  on  the  ebb  was  112  mile 

per  hour,  and  on  the  flood  1  99  mile.     The  motion  of  the  float 

in  this   experiment  was  due  entirely  to  tidal  influence,  there 

being  a  total  absence  of  fresh  water  in  the  river.     The  tides 

Were  springs,  the  rise  above  low  water  being  about  18  feet  at 

'iia  upper  end,  and   22  feet  in  Clayhole.     Subsequent  experi- 

uients,  although  varying  a  little  as  to  the  time  occupied,  took 

the  float  to  the  same  point  below  on  the  ebb  and  brought  it 

Wk  to  the  starting-point  on  the  flood. 

Teats  made  with  solid  floats  cannot  he  relied  on  to  give  a 
eon«ct  result  as  to  the  amount  of  matter  carried  by  the  water  in 
suspension.  During  the  time  the  float  is  ti-aveliing  a  certain 
distance  down  the  river,  an  immense  volume  of  water  has 
lieen  displaced  and  gone  out  to  sea,  carrying  with  it  a  large 
loantity  of  suspended  matter,  which  becomes  deposited  in  the 


bed  of  the  ocean,  or  is  too  dispersed  ever  to  return.  While  the 
solid  body  of  the  float  is  simply  carried  along  by  the  cmrentj 
tiie  matter  in  suspension  is  continually  changing  its  position  by 
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the  action  of  tlie  water,  tbc  paHiclGiJ,  being  thrown  up  from  tl 
Iwttom  and  rising  to  the  top,  becoming  difTused  throughont  ti 
whole  mass,  and  moving  away  with  the  tidal  water.  This ; 
shown  more  clearly  by  the  diagram,  Fig.  1 1.  The  float  is  sbo«i 
ati  having  moved  from  A  to  D  on  the  ebb.  The  shaded  b 
between  the  Iettei-3  A  B  C  D,  represents  the  tidal  water  \ 
has  flowed  out  to  sea. 

Effect  of  obstrncting  the  Free  Flow  of  the  Tide. — ^Vny  cam 
that  obstructs  the  How  of  the  tidal  water  and  the  free  props 
tion  of  the  tidal  wave,  is  detrimental  to  the  maintenance  of  i 
river  in  its  most  eSective  condition,  and  leads  to  the  shoalingf 
the  channel. 

The  placing  of  weirs  across  tidal  rivers,  contractions  of  t] 
channel  and  in'egularities  in  its  form,  restricted  entrances,  ai 
similar  causes,  are  destructive  to  the  maintenance  of  s  deep-wsta 
channel. 

In  the  river  Ouae,  in  Yorkshire,  the  tides  have  been  exclada 
from  the  upper  part  of  the  river  by  a  weir  and  lock  placed  acmi 
the  river  at  Nabum,  about  28  miles  above  Goole.  In  summc 
deposits  take  place  below  the  weir  to  the  extent  of  5  to  10  feet} 
and  in  a  dry  reason  it  Eiccumulates  in  the  river  between  Nabun 
and  Selby,  a  distance  of  10  miles,  to  such  an  extent  as  to  rednei 
the  navigable  depth  nearly  4  feet,  seriously  impeding  the  i 
gation  to  York.  This  deposit  is  removed  more  or  less  entuelj 
by  the  winter  freshets. 

In  the  Witliam,  the  landowners  interested  in  the  drainage  0 
the  fenland  obtained  powers  in  the  middle  of  the  last  centni^ 
to  straighten  the  upper  part  of  the  river,  and  to  exclude  tl 
tidal  water  by  a  sluice  and  lock  placed  across  the  river  above  tl 
town  of  Boston,  about  8  miles  from  the  sea  (see  illustratia 
in  the  description  of  the  Witham),  The  portion  of  the  i 
between  Boston  and  Lincoln,  in  addition  to  forming  the  i 
drain  of  that  portion  of  the  fenland,  was  used  as  a  canal  navi 
gation.  At  the  time  when  this  sluice  was  erected,  and  until  ■ 
few  years  ago,  the  outfall  of  the  river  passed  through  a  mass  a 
shifting  sands  before  it  I'eached  the  deep  water  of  the  estuaiy; 
and  was  continually  altering  its  ooui'se.  The  ilood  tide,|workiiij 
through  these  sands,  carried  in  suspension  and  drove  up  theriv* 
along  the  bottom  large  quantities  of  material.  The  momentum  a 
the  flood  tide  being  checked  on  arriving  at  the  sluice,  a  reactiol 
is  caused,  and  a  back  current  is  generated,  which,  meeting  fc 
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iucceeding  tidal  wave,  converts  a  flowing  stream  into  slack 
w«ter.  The  <1eposit  which  was  formerly  brought  up  by  the 
tide  remained  behind  when  the  water  receded,  and  gradually 
accumulated,  raising  the  bed  of  the  river,  not  only  immediately 
adjacent  to  the  sluice,  but,  from  the  absence  of  any  tidal  back 
scour,  for  a  considerable  distance  duwn  the  river.  In  dry  seasons, 
when  there  has  been  a  lack  of  fresh  water,  the  deposit  has 
ucumulated  against  the  sluice  to  a  depth  of  10  and  11  feet, 
tuling  off  to  3  and  4  feet  at  4  or  5  miles  down  the  river.  When  this 
occurred,  vessels  were  unable  to  reach  the  quay  at  the  town,  and 
l*d  to  lie  in  the  estuary  and  discharge  their  cargoes  into  lighters. 
That  this  accumulation  was  entirely  due  to  the  stoppage  of  the 
flow  of  the  tidal  water  may  be  proved  from  the  fact  that  in  the 
Welland,  a  much  smaller  river,  which  discharges  into  the  same 
pan  of  the  estuary,  and  which  has  a  free  tidal  run  of  20  miles, 
DO  such  accumulation  took  place.  A  new  channel  having  been 
nade  for  the  river  Witham,  and  its  outfall  carried  below  the 
shifting  sands,  the  current  of  fresh  water  is  able  to  ti-ansport 
te  small  amount  of  sediment  which  is  now  in  motion,  and 
wliat  little  accumulation  takes  place  is  confined  within  a  mile 
Ulow  the  sluice.  '^ 

In  the  rivers  Vire  and  Aure,  which  flow  through  Vays  Bay 
lo  the  English  Channel,  on  the  north  coast  of  France,  doors  were 
placed  across  the  outfall  at  Vay  bridge  to  prevent  the  tidal 
waters  flooding  the  land.  By  this  means  about  80  million  cubic 
feet  of  tidal  water  was  excluded  each  tide  from  flowing  up  and 
down  the  outfall.  Owing  to  this  the  channel  silted  up,  and  the 
navigation  was  almost  stopped.  Subsequently  the  doors  were 
removed,  with  the  result  that  the  navigation  became  restored 
to  its  original  condition. 

The  free  propagation  of  the  tidal  wave  may  also  be  obstructed 
by  irregularities  in  the  form  of  the  channel,  by  the  existence  of 
alternate  wide  spaces  and  contractions,  and  by  shoals  in  the 
bottoni.  Wide  spaces  allow  of  lateral  diversions  from  the  flow- 
ing stream,  which  eddy  round  and  disturb  the  forward  motion  of 
the  particles.  In  like  manner  abrupt  bends  and  restrictions  in 
the  width  of  the  channel,  by  opposing  a  resistance  to  the  direc- 
tion of  motion,  check  the  momentum,  and  require  a  greater 
head  to  force  the  tidal  water  round  them.  As  an  illustration  of 
this,  the  ca«e  of  the  tidal  river  Ouse,  in  Norfolk,  may  bo  taken. 
1  Lynn  and  Downham  there  is  a  horseshoe  bend  of  about 
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67  chains  in  length,  the  distance  in  a  straight  line  being  37 
chains.  From  about  one-quarter  to  three-quarters  6ocd,  the  in 
clination  in  the  surface  of  the  tidal  water  through  the  bend  is  ■ 
the  rate  of  14  inches  per  mile,  as  compared  with  from  2  to  4 
inches  per  mile  in  the  straiyhter  reaches  of  the  river. 

The  propagation  of  the  tidal  wave  may  be  further  affectai 
by  a  restricted  tidal  entrance  preventing  sufBcient  water  fron 
getting  into  the  river  to  fill  the  upper  reaches.  When  tin 
high  water  at  the  end  of  the  tidal  flow  does  not  reach  the  Mm 
level  as  the  tide  in  the  open  estuary,  it  is  evident  that  the  dda 
wave  is  not  being  freely  propagated.  In  some  ports  the  depwi 
sion  of  the  level  becomes  a  serious  drawback  from  their  navigaUa 
capacity.  Mr.  Stevenson  states  that  on  an  average  the  tides  t| 
Montrose  Bay,  which  has  an  area  of  1200  acres,  are  9  ioebci 
below  the  level  of  the  water  outside,  the  entrance  not  being  saffi> 
cientty  capacious  to  allow  the  tide  to  fill  the  basin  during  flooi 

The  river  Nene  affords  an  instructive  example  of  the  effed 
of  contractions  in  the  channel,  and  of  abrupt  bends.  It  droiu 
1055  square  miles,  and  has  a  tidal  run  of  31  miles.  This  rive 
discharges  into  the  Wash,  on  the  east  coast  of  England,  and  bii 
to  find  its  way  through  about  4  miles  of  sands  before  it  reachei 
deep  water.  Above  these  sands  the  river  has  been  trained  a 
straightened  for  (J  miles,  and  above  this  to  the  town  of  Wbbe^ 
lOJ  miles  from  the  outfall,  it  passes  through  a  straight  artificiil 
channel  At  Wisbech  the  river  is  restricted  in  width  and  a 
and  there  are  two  sharp  bends.  Thence  to  Guyhirne,  7  mi 
it  passes  along  the  natural  course,  which  has  from  time  to  ti 
been  straightened  and  improved ;  and  from  Guyhirne  to  Petef> 
borough  it  has  a  nearly  straight  course.  In  this  reach  there  ai 
some  gravel  shoals,  which  considerably  diminish  the  depth  of  tha' 
channeL  A  spring  tide  flows  3  J  hours  at  Sutton  Bridge,  4  uulta 
from  the  outfall,  and  ebbs  9^^  houi-s.  The  ebbs  fall  at  the  rate 
of  17  feet  3  inches  for  the  first  4^  hours,  and  6  feet  3  inches  fcf 
the  4j  hours  of  the  rest  of  the  tide.  Sir  John  Coode,  in  a  repixt 
made  on  this  river  in  1874,  and  from  which  the  particulars  a 
the  diagram  here  given  are  taken,  found  that  an  average  spring 
tide,  which  ranged  20  feet  1  inch  at  the  end  of  the  tr^ued 
portion  of  the  river,  ranged  21  feet  4  inches  at  Sutton  Brid^ 
4J  miles  higher  up.  At  Wisbech,  lOJ  miles,  the  bigh-w; 
level  was  practically  level ;  whereas  at  Northey  Gravel,  whers 
the  range  was  14  inches,  the  high-water  level  was  6  feet  4  induB 
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lower  thaa  at  the  outfall.  Tlie  fall  id  the  Kurface  of  the  water 
&t  high  water  toioanls  Peterborough  was  a  little  over  2  inches 
per  mile  from  the  lower  end  of  the  trained  channel  to  Wisbech, 
and  above  this  it  was  at  the  rate  of  15^  inches  per  mile,  falling 
towards  Peterborough.  The  two  bends  and  the  contracted  area 
of  the  channel  through  Wisbech  and  through  the  town  bridge 
caused  a  sudden  rise  from  53  inches  per  mile  to  177  inches. 
When  it  was  high  water  at  the  outfall,  the  flood  tide  had  just 
begun  to  run  at  Cross  Guns,  2j\  miles  up  the  river,  and  above 
this  the  ebb  was  still  running  down.  The  accompanying  diagram, 
Fig.  12,  adapted  from  Sir  John  Coode's  report,  will  show  the 
condition  of  this  tide  in  the  river.  The  shaded  parts  represent 
corresponding  half-hour  intervals  of  the  flood  and  ebb.  It  will 
be  seen  that,  while  the  tide  had  run  down  at  the  outfall  to  the 
extent  of  G  feet  1 1  inches  for  the  two  hours  between  l)'30  and  8'aO, 
it  was  running  up  at  Cross  Guns  in  the  .same  period  to  the  estent 
of  6  feet.  Thus  there  were  two  currents  running  in  opposite 
directions,  the  summit  level  being  about  halfway  of  the  whole 
tidal  run.  These  abnormal  conditions  clearly  indicate  that  the 
obstacles  in  the  channel  at  Wisbech  materially  check  the  propa- 
gation of  the  tidal  wave.  The  sectional  area  through  Wisbech 
is  not  sufficient  to  allow  the  channel  above  to  be  filled  at  the 
same  rate  as  the  tide  rises  below  the  town,  and  hence  the  sudden 
iacrea.se  in  the  inchnation  in  the  surface  of  the  flowing  tide.  If 
the  channel  were  adequate  to  its  work,  the  tide  would  reach 
Peterborough  sooner  and  rise  higher  than  it  does  at  the  present 
time.  The  owners  of  the  land  lying  adjacent  to  the  upper  part 
of  the  river  have,  however,  successfully  resisted  attempts  to 
improve  the  river  through  Wisbech  by  cutting  off  the  bends,  and 
also  in  the  upper  reach  by  removing  the  shoals,  because  they 
were  advised  that  such  improvements  would  be  detrimental  to 
the  quality  of  the  fresh  water,  which  is  drawn  from  the  river  for 
the  use  of  the  inhabitants  and  cattle,  by  allowing  the. boundary- 
line  between  the  fresh  and  salt  water  to  he  extended  further  up 
the  river. 

In  the  Tyne,  before  the  river  was  improved,  it  was  not 
unuBual  to  tied  the  level  of  high  water  at  Newcastle  from 
7  to  10  inches  below  that  at  Tj-neniouth. 

In  rivers  favourable  to  the  flow  of  the  tide,  and  having 
trumpet-shaped  mouths  and  funnel-shaped  channels,  that  is, 
their  banks  gradually  converging,  the  opposite  effect  is 
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lower  than  at  the  outfall.  The  fall  in  the  surface  of  the  water 
^  high  water  tonxifda  Peterborough  was  a  little  over  2  inches 
jjer  mile  from  the  lower  end  of  the  trained  channel  to  Wisbech, 
^d  above  this  it  was  at  the  rate  of  \b},  inches  per  mile,  falling 
towards  Peterborough.  The  two  bends  and  the  contracted  area 
€>f  the  channel  through  Wisbech  and  through  the  town  bridge 
tcansed  a  sudden  rise  from  5  3  inches  per  mile  to  17'7  inches. 
"When  it  was  high  water  at  the  outfall,  the  flood  tide  had  just 
llegun  to  run  at  Cross  Guns,  25.^  miles  up  the  river,  and  above 
"this  the  ebb  was  still  running  down.  The  accompanying  diagram, 
"Fig.  12,  adapted  from  Sir  John  CooJe's  report,  will  show  the 
condition  of  thia  tide  in  the  river.  The  shaded  parts  repi^esent 
corresponding  half-hour  intervals  of  the  flood  and  ebb.  It  will 
be  seen  that,  while  the  tide  had  run  down  at  the  outfall  to  the 
extent  of  6  feet  11  inches  for  the  two  hours  between  fiSO  and  8^0, 
it  was  running  up  at  Cross  Quns  in  the  .same  period  to  the  extent 
of  6  feet.  Thus  there  were  two  currents  running  in  opposite 
'directions,  tlie  summit  level  being  about  halfway  of  the  whole 
I  tidal  run.  These  abnormal  conditions  clearly  indicate  that  the 
obstacles  in  the  channel  at  Wisbech  materially  check  the  propa- 
igation  of  the  tidal  wave,  The  sectional  area  through  Wisbech 
ia  not  sufficient  to  allow  the  channel  above  to  be  tilled  at  the 
same  rate  as  the  tide  rises  below  the  town,  and  hence  the  sudden 
increase  in  the  inclination  in  the  surface  of  the  flowing  tide.  If 
the  channel  were  adequate  to  its  work,  the  tide  would  reach 
Peterborough  sooner  and  rise  higher  than  it  does  at  the  present 
time.  The  ownera  of  the  land  lying  adjacent  to  the  upper  part 
of  the  river  have,  however,  successfully  resisted  attempts  to 
improve  the  river  through  Wisbech  by  cutting  ofl"  the  bends,  and 
also  in  the  upper  reach  by  removing  the  slioals,  because  they 
were  advised  that  such  improvements  would  be  detrimental  to 
the  quality  of  the  fresh  water,  which  is  drawn  from  the  river  for 
the  use  of  the  inhabitants  and  cattle,  by  allowing  the.boundary- 
iine  between  the  fresh  and  salt  water  to  be  extended  further  up 
the  river. 

In  the  Tyne,  before  the  river  was  improved,  it  was  not 
unusual  to  tind  the  level  of  high  water  at  Newcastle  from 
7  to  10  inches  below  that  at  Tynemouth. 

In  rivers  favourable  to  the  flow  of  the  tide,  and  having 
trampet-shaped  mouths  and  funnel-shaped  channels,  that  is, 
having  their  banks  gradually  converging,  the  opposite  effect  is 
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a  tidal  run,  including  the  Ouse,  of  65  miles,  in  addition  to 
whicb  the  tide  has  a  long  run  up  the  Trent.  The  range  at  tl» 
mouth  at  spring  tides  is  19  feet.  From  a  short  distance  aboTt 
Spurn  Point  to  Sunk  Island,  a  distance  of  10  railes,  the  estuwy 
decreases  at  the  rate  of  2550  feet  per  mile  at  high  water,  ud 
1350  in  the  low-water  channel.  From  Sunk  Island  to  Hull, 
13  miles,  at  the  rate  of  430  feet  and  146  feet  respectively. 
From  Hull  to  the  junction  of  the  Ouse,  the  decrease  is  at  ttw 
i-ate  of  516  feet  per  mile ;  and  from  Hull  to  Goole  the  low-waUr 
channel  decreases  at  the  rate  of  310  feet  per  mile ;  and  from  GooU 
to  Naburn,  where  the  tidal  run  is  stopped,  20  feet  per  mild 
The  low-water  width  at  Hull  is  8200  feet,  and  at  Goole  7O0  feet 

The  Severn  has  a  drainage  area  of  8000  square  miles.  Th( 
length  of  the  open  estuary  from  Hartland  Point  to  Portisliead,' 
where  the  river  channel  may  be  said  to  begin,  is  85  mileS] 
from  here  to  Gloucester,  where  the  tidal  nin  is  now  stoppei 
is  30  miles.  Formerly  the  tide  ran  nearly  to  Diglis  Weir, 
about  37  miles  further.  The  tidal  range  in  the  estuaiy  a 
27  feet,  but  rising  to  about  42  feet  at  Portishead.  The  estuarial 
portion,  which  is  42  miles  wide  at  the  lower  end,  decreases  at 
high-water  level  to  3  miles  at  the  upper  end,  or  at  the  rate  of 
2420  feet  per  mile.  From  a  little  above  Portishead 
Gloucester,  the  decrease  in  the  low-water  channel  is  at  the  nto 
of  110  feet  in  the  mile. 

The  Ouse  (Bedfordshire)  has  a  drainage  area  of  2894  squan 
miles,  a  tidal  run  of  42  miles,  and  a  range  of  tide  of  23  feet 
This  rivei',  in  the  lower  part  for  the  last  five  miles,  has  been 
considerably  altered,  the  channel  having  been  straightened 
deepened,  and  trained  for  a  short  distance  into  the  estu&iy. 
The  middle  portion  has  not  been  altered ;  the  upper  20  mile^ 
through  which  the  tide  flows,  is  an  artifieial  channel.  Th» 
lower  five  miles  decrease  at  the  rate  of  25  feet  per  mile,  th* 
middle  or  natural  portion  at  the  rate  of  5  feet,  and  the  uppei 
at  the  rate  of  1  foot.  Notwithstanding  the  small  increase 
width  of  this  channel,  the  tide  flows  for  a  long  distance,  ths 
level  of  high  water  at  Denver  Sluice  and  in  the  estuary,  '  ' 
miles  away,  being  level,  and  1  foot  4  inches  lower  at  the  ei 
of  the  tidal  run.  The  tide  is  propagated  between  these  plac 
at  the  rate  of  6^  miles  an  hour  on  the  flood,  and  27  miles  it 
high  water. 

The  Scheldt  has  a  drainage  area  of  8000  square  miles,  a  tid^ 
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run  of  lOo  miles,  and  &  range  of  tidea  at  tbe  mouth  of  the 
estuary  of  15  feet  Fram  the  mouth  of  the  estuary  below 
Flushing  to  a  little  below  Lillo,  a  distance  of  about  35  miles, 
the  width  at  high  water  is  about  thi-ee  miles,  and  varies  very 
little.     Above  Lillo  the  channel  suddenly  contracts  to  about  one-  ' 

third  of  the  lower  width,  and  from  here  to  Antwerp,  a  distance  of 
12  miles,  the  decrease  in  width  of  the  channel  is  at  the  rate 
of  lOG  feet  per  mile  at  high-water  level,  and  80  feet  at  low  water. 

The  above  are  examples  of  rivers  more  or  leas  in  a  natural 
condition ;  the  following,  of  rivers  which  have  been  improved  and 
their  width  made  uniform  by  training  works. 

The  Clyde  ban  a  di-aina^e  area  of  945  square  miles,  a  tidal 
run  of  30  milts,  and  a  range  of  tide  at  the  mouth  of  the  trained 
channel  of  11  feet,  and  depth  at  low  water  of  15  feet.  The 
tidal  water,  coming  up  the  Firth  of  Clyde,  Hows  into  an  estuary 
about  three  miles  wide,  and  disperses  into  Loch  Long  and  Loch 
Gare  on  one  side,  and  up  the  Clyde  on  the  other.  At  Port 
Glasgow  tbe  channel  is  half  a  mile  wide  at  low  water,  and  two 
miles  at  high  water;  decrea.stng  at  Dumbarton  Castle,  four  miles 
up  the  river,  to  1  mile  and  1000  feet  respectively,  or  at  the  rate 
of  1320  feet  for  the  high-water  level,  and  410  for  the  low  water. 
From  Dumbarton,  for  the  next  3^  miles  up  the  river,  the  decrease 
is  at  the  rate  of  110  feet  per  mile ;  and  for  the  next  8 J  miles  to 
the  lower  end  of  the  harbour  at  Glasgow,  at  the  rate  o£  27  feet 
per  mile,  the  width  here  being  370  feet. 

The  Tyne  has  a  drainage  area  of  1142  square  miles,  a  tidal 
run  of  19  miles,  a  range  of  tide  of  14  feet,  and  depth  of  water 
at  low  water  of  20  feet.  Taking  the  channel  as  lOUO  feet  wide  at 
Shields  and  400  feet  a  little  above  Newcastle,  or  say  for  a  length 
mf  ten  miles,  the  average  decrease  is  at  the  rate  of  60  feet  in  a  mile. 

The  Tees  has  a  drainage  area  of  750  square  miles,  a  tidal 
run  of  26  miles,  depth  at  low  water  of  from  8  to  10  feet,  and  range 
of  tide  15^  feet.  Taking  the  width  between  the  lower  end  of 
the  two  training  walls,  about  a  mile  above  the  breakwatei\  at 
1100  feet,  and  as  552  feet  4J  miles  up  near  to  Middlesborough, 
the  decreaa^e  is  at  the  rate  of  122  feet  per  mile.  The  channel 
opens  out  for  the  last  1  ,'^  mile  at  the  lower  end  at  the  I'ate  of 
:J60  feet  per  mile.  Above  Middlesborough  up  to  Stockton  the 
decrease  is  at  the  rate  of  about  42  feet  per  mile. 

The  Dec  has  a  drainage  area  of  862  square  miles  ;  the  length 
of  the   tidal   run    from   the   bar   to   Chester   is  25  miles,  but  i 
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spring  tides  run  over  a  weir,  and  for  a  distAnce  further  np  tht 
river  of  about  7  miles.  The  range  of  titles  at  the  bar  ii 
26i  feet  The  open  estuary  from  the  Point  of  Ayr  contncte 
very  regularly  for  about  10  miles  at  the  rate  of  1584  feet  per 
mile  at  the  high-water  leveL  The  low-water  channel  through 
the  sands  is  not  well  defined,  and  splits  into  two  main  channela 
at  the  lower  end,  For  the  Srat  4  miles  the  rate  of  decrease  ii 
1150  feet  per  mile,  and  for  the  G  miles  above  this  the  decreau 
is  at  the  rate  of  111  feet  per  mile.  In  the  trained  portion  gf 
the  channel,  the  low-water  channel  decreases  for  the  first  three 
miles  to  Queen's  Ferry  at  the  rate  of  55  feet  jjer  mile,  and  thence 
to  Chester,  C  miles,  at  the  rate  of  11  feet  per  mile.  From  tie 
results  which  have  lieen  obtained,  the  i-ate  i>f  decrease  ia  not 
sufficient  for  the  trained  portion  of  this  channel. 

The  Ribble  has  a  drainage  area  of  SCO  squai-e  miles,  a  tidal 
run  of  about  20  miles  from  the  bar,  and  also  about  10  miles  op 
the  Douglas.     The  range  of  tide  is  274  ^^^^  ^t  the  bar,    'Hiii 
river  discharges  through  a  very  wide  sandy  esttiary,  the  wiittli 
at  the  upper  end  of  which  has  been  considei-ably  reduced  by 
enclosures  of  marshes,  but  the  embankments  have  improved  &e 
form  of  the  estuary  by  making  the  coast-line  more  gi-admlly 
converge  towards  the  upper  end.     The  width  between  St  Anne's 
and  Southport  is   about  8  miles;  at  10  railes  above  this  the 
width  now  is  half  a  mile,  making  the  rate  of  decrease  about  ¥Xft 
feet  in  a  mile,  whereas  before  the  enclosures  the  decrease  was  only 
3300  feet     The  low-water  channels  are  divided  into  two.bol 
taking  the  width  of  the  two  together  at  the  lower  end  as  200fr 
feet,  and  the  ^vidth  at  the  end  of  the  double  training  walla  ■ 
370  feet,  the  decrease  is  at  the  rate  of  200  feet  per  mile.    ~ 
channel  has  been  trained  for  5  miles,  down  to  the  junction  with' 
the  Douglas,  with  double  ti'aining  walls,  the  width  decreasing  ai- 
the  rate   of  20  feet  per   mile.     At  present  a  single  wall  only: 
has  been  carried  down  for  about  6  miles  below  the  river  Aatlaod^ 
but  it  is  intended  that  the  chaiuiel  shall  be  finedsoas  todeoeaw 
at  the  rate  of  98  feet  in  a  mile  over  this  length. 

The  Ma-ss.  The  training  works  of  this  river  between  I 
North  Sea  and  Rotterdam  were  first  laid  out  at  the  lower  end  M 
as  to  decrease  at  the  rate  of  105  feet  per  mile.  This  was  foandP 
to  be  too  great  a  width  to  obtain  the  full  benefit  of  the  scouring 
action  of  the  water,  and  the  channel  has  since  been  regulated  so 
as  to  decrease  regularly  from  the  pier  ends  in  the  North  Sea  im 
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( "Rotterdam  at  the  rate  of  05*5  feet  per  mile,  the  width  at  the 
pper  part  beinj^  OSl  feet,  and  at  the  lower  end  S296  feet  The 
4al  range  ia  only  5  feet  6  inches. 

The  Seine  has  a  drainage  area  of  30,370  square  milea;  a 
tdal  run  of  93  miles  from  the  lower  end  of  the  estuary,  and  79 
trom  the  end  of  the  training  walls.  The  range  of  tide  is  23 
Iiet  at  Havre.  The  depth  at  low  water  in  the  trained  channel 
nries  from  10  to  25  feet.  The  width  of  the  estuary  opposite 
Bavre  is  5}  miles.  The  coast-line  decreases  to  3  miles  at  II 
paiks  up,  hut  the  width  of  the  estuary  at  the  present  time  may 
be  taken  at  IJ  miles,  giWng  a  rate  of  decrease  of  1000  feet  in 
tlie  mile.  The  tow-water  channel  through  the  sands  is  split 
op,  but,  taking  the  line  of  deepest  water,  the  width  may  he 
taken  at  about  a  third  of  a  mile  to  lialf  a  mile,  there  being  very 
little  variation  in  this  width  throughout  the  whole  length.  The 
tnuDcd  portion  was  made  originally  2296  feet  wide  at  Berville, 
decreasing  to  1640  at  Tancarville,  4  miles,  or  at  the  rate  of  164 
feel  per  mile.  Over  the  next  21 J  miles  to  St.  Mailleraye,  where 
the  channel  ia  S20  feet  wide,  the  decrease  is  at  the  rate  of 
88  feet  per  mile.  Above  this  to  Rouen,  37^  miles,  where  the 
width  is  500  feet,  the  channel  is  very  much  in  its  natural 
Modition,  decreasing  at  the  rate  of  8^  feet  per  mile.  The  width 
)f  the  trained  channel  at  the  lower  end  has  not  been  found  sufB- 
ient  for  the  easy  admission  of  the  tidal  water,  the  fii-at  of  the 
ood  rushing  up  at  great  velocity,  causing  a  bore. 

The  Gironde  has  a  drainage  area  of  35,000  square  miles, 
le  range  of  tide  is  ICJ  feet  at  the  mouth,  and  18  feet  at 
>rdeaox.  The  depth  in  the  navigable  channel  at  low  water  at 
irdeaus  is  about  7  feet;  this  gradually  inci'eases  to  3  and  4 
;hom&  At  the  entrance  at  Royan  the  depth  is  from  10  to  16 
tJioms ;  it  then  shoals  again  to  44  and  5  fathoms,  and  increases 
its  junction  with  the  Bay  of  Biscay,  where  the  depth  is 
bthoms.  The  outfall  of  this  river,  like  that  of  the  Loire, 
of  a  narrow  estuary  nearly  50  miles  in  length,  which 
ntractA  very  much  at  its  termination  on  the  southern  side. 
w  coast  on  the  north  side  projects  considerably  beyond  that  on 
e  south  side.  The  distance  apart  between  the  two  exti-eme 
lints  is  16  miles.  At  9  miles  up,  at  Royan,  the  width  of  the 
tuary  is  3  miles;  it  then  suddenly  widens  out  5^  miles,  and 
ntinues  at  about  this  width  for  10  miles  to  Port  Maubeit.  At 
e  junction  of  the  Dordogne,  45  miles  from  Royan,  the  width  at 
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high  water  is  about  2^  miles.  The  rate  of  convergence  froQ 
Port  Maubert  is  592  feet  in  the  mile  ;  irom  there  to  Bordeaux, 
15  miles,  the  contraction  is  at  the  rate  of  120  feet  in  the  mile, 
the  channel  being  about  800  feet  wide.  The  level  of  high  water  at 
Bordeaux  is  about  2  feet  higher  than  at  the  mouth  of  the  estuai] 

The  Loire  ia  607  miles  in  length,  being  the  lai;gest  river  i 
France.     It  has  a  drainage  area  of  44,000  square  miles ;  a  tidi 
mn  of  40  miles  from  the  outer  end  of  the  estuary  in  the  Bay  i 
Biaeay;  a  range  at  spring  tides  of  15^  feet  at  the  lower  en 
and   5J  feet  at  Nantes,  30  miles   up.      The  estuary,  which  i 
6i  miles  across,  contracts  to   about   l\   mile    at    St   N&zwi 
6  miles  above ;  it  then  immediately  widens  out  again  to  ovi 
2  miles,  maintains  the  same  width  for  about  10  or  11  miles,  aa 
then  gradually  contracts.     The  average  i^ate  of  decrease  aboi 
St.  Nazaire  is  about  600  feet  in  a  mile  at  high  water,  and  2J 
feet  at  low  water,  the  channel  being  about  700  feet  wide  i 
Nantes.     The   channel    of  the   river   below    Nantes    ia   mw 
encumbered  with  sandbanks,  and  very  irregular.     The  depth 
water  in  the  channel  is  not  more  than  3  feet  at  low  wat«r  oi 
the  shallow  places,  and  16  feet  at  high  water  of  spring  tides; 
bar  stretches  across  the  mouth  of  the  estuary,  on  which  there 
only  9  feet  at  low  water.     Outside  the  bar  the  water  deepem 
rapidly  to  3  fathoms.     At  the  narrow  neek  of  St.  Nazaire  there 
is  a  deep  pool,  having  from  40  to  60  feet  at  low  water.    The  width 
of  the  upper  pait  of  the  channel  has  been  regulated  by  trainii^ 
banks  between  Nantes  and  St,  Pellerin.  and  the  depth  has  much 
increased.     From  Pellerin  to  Pambreuff  the  course  of  the  river  is 
much  obstructed  by  shoals,  which  are  uncovered  at  low  tide.    A 
large  amount  of  dredging  has  been  can'ied  on,  and  the  shoalest 
part  of  the  river,  over  which  there  is  only  about  15  feet  at  high 
water,  has  been  reduced  to  about  four  miles.     The  bad  condition 
of  this  river  for  navigable  purposes,  and  its  inability  to  main- 
tain a  deeper  channel,  is  due  to  the   want  of  convergence  in 
the  channel,  and  the  restricted  tidal  entrance  at  St.  Najuiire. 

The  Weser  is  355  miles  in  length,  has  a  drainage  of  18,000 
square  miles,  and  a  tidal  run  to  a  little  above  Bremen,  45  miles 
from  the  mouth.  The  rise  of  spring  tides  is  lOJ  feet  at  the 
mouth,  and  4J  feet  at  Bremen.  The  tidal  portion  of  the  river  in 
its  natural  condition  was  very  irregular  in  width,  being  en- 
cumbered by  large  shoals,  which  in  sevei-al  places  divided  tht 
deep-water  channel  into  two  parts.     It  has  recently  been  trained 
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kltd  deepeoed  between  Bremen  and  Bremerhaven  40^  miles. 
Phe  high-water  channel  increases  from  Bremen  at  the  rate  of 
110  feet  in  the  iniie,  and  the  low-water  channel  at  the  rate  of 
r8'66  feet  per  mile.  The  coast-line  below  Brenieihaven  spreads 
But  in  a  trumpet  form  for  10  miles,  increasing  at  the  rate  of 
84:)2  feet  in  the  mile,  the  low-water  channel  increasing  at  the 
rate  of  410  feet  in  the  mile. 

Straight  and  Curved  Channels. — A  river  in  '\\s  natural  con- 
dition never  runs  in  a  straight  line,  but  in  a  series  of  bends  of 
Twying  curvature,  depending  on  the  nature  of  the  soil  and 
obstruction  to  the  course  of  the  water. 

Abrupt  bends  are  detrimental  to  the  maintenance  of  rivers, 
causing  disturbances  to  the  How  of  the  water  and  dithculties 
to  the  navigation.  Curves  of  large  radius  have  an  advantage  in 
tending  to  maintain  a  more  regular  deep-water  channel  than 
exists  in  slraight  reaches. 

That  curved  channels  do  not  afford  any  serious  impediment 
to  navigation  may  be  inferred  from  the  fact  that  the  Thames, 
along  which  as  great  a  number  of  vessels  pa-ss  as  on  any  river  in 
the  world,  and  over  the  lower  part  of  which  the  largest  passenger- 
Bteanier.s  alloat  are  daily  navigated,  has  no  less  than  fourteen 
bends  between  its  lower  reach  and  London  Bridge,  or  an  average 
of  one  bend  in  every  two  miles.  The  sharpest  curve  is  at  Black- 
wall,  and  has  a  radius  of  I'JH  feet,  with  a  width  of  channel  of 
1000  feet;  and  at  Grceuhithe  there  is  a  curve  of  3960  feet, 
irith  a  width  of  channel  of  2000  feet 

In  the  Tyne,  in  Shields  harbour,  the  river  bends  with  a  radius 
of  2000  feet,  with  a  width  of  'JOO  feet ;  a  second  curve  near  the 
Northumberland  Dock  has  about  the  aame  radius;  and  near  Bill 
Point,  about  half-way  to  Newcastle,  are  two  curves  near  together, 
each  having  a  radius  of  1300  feet,  and  a  width  of  channel  of  650 
feet. 

On  the  lower  part  of  the  Clyde  there  were,  until  recently, 
two  curves,  one  at  Garvel  of  3400  feet  radius,  and  one  at 
Cartsdyke  Bay  of  ISaO  feet.  These  have  been  eased  to  4300 
fcet  and  3700  feet  respectively,  the  width  of  the  channel  being 
600  feet,  and  the  depth  at  low  water  18  feet. 

On  the  Avon,  a  short  distance  below  Bristol  docks,  there 
were,  until  a  few  years  ago,  two  reverse  curves  close  together, 
b»ving  a  raflius  of  GOO  feet.  The  rocks  have  since  been  cut 
fflfgy,  and  the  radius  increased  to  1500  and  2500  feet.     The 
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horseshoe  hciid    lower  down   this  river   has  two   curves  i 
distance  ot  about  1]  miles,  the  radius  of  one  being  858  feel 
and  of  the  other  1080  feet,  the  low-water  width  of  the  chtn 
at  this  spot  being  26i  feet.     Large  steamers  get  it)imd  tl 
curves,  but  with  difficulty. 

The  curve  at  Swinelleet,  on  the  river  Ouae,  until  recentl 
had  a  curve  of  1188  feet.     Owing  to  the  great  run  of  tide  at  tt" 
part  of  the  river,  from  5  to  *i  knots,  this  curve  was  found  t 
give  trouble   to   the  steamers   going   up  to   Goolc   dockh, 
largest  of  which  were  about  1500  tons.      The  radius  of  t 
curve   has  now   been  increased   to   1083  feet,  with  a  chi 
750  feet  wide  at  low  water. 

In  the  Witham  the  New  Cut  is  curved  to  a  radius  of  85( 
feet,  with  a  low-water  width  of  200  feet,  and  uo  difficulty 
found  in  lighting  this  channel  or  navigating  with  steanen  ( 
3000  tons  capacity.  A  short  distance  below  the  entrance  to  tl 
Boston  dock  the  river  has  a  bend,  having  a  curve  of  1056  fel 
and  a  width  of  only  120  feet.  Laige  steamers  pass  round  I 
bend,  but  care  has  to  be  exercised  when  doing  so. 

On  the  Seine,  between  the  estuary  and  Rouen,  there  are  i 
principal  curves,  five  of  which  describe  nearly  ISO  degrees.  T 
smallest  radius  of  these  curves  is  6562  feet,  but,  owing  to  i 
width  of  the  navigable  channel  varying  from  300  to  1100  fe 
they  do  not  seriously  impede  the  navigation.  The  curve 
Tancaiville,  in  the  trained  portion  of  the  channel,  has  a  ra<& 
of  8200  feet.  This  is  considered  to  be  less  than  it  should  be 
this  point,  as  the  currents  here  attain  a  velocity  of  over  8  feet 
second,  causing  violent  eddies,  troublesome  for  the  navigi 
and  unfavourable  to  the  transmission  of  the  tides. 

On  the  Uaroune,  just  above  the  junction  with  the  Girond 
theK  is  a  curve  of  17,160  feet  radius,  followed  by  one  of  10,56 
feet ;  and  immediately  below  Bordeaux  one  of  3300  feet 

The  Scheldt,  a  short  distance  below  Antwerp,  has  a  curve  fl 
1250  feet  radius,  and  two  other  curves  between  there  and  Ul 
nearly  as  sharp. 

The  Wesor  has  five  curves  between  Bremen  and  its  mout 
the  sharpest  of  which  has  a  radius  of  416t>  feet,  with  a  loi 
water  width  of  2G2  feet. 

The  smallest  curve  on  the  Suez  Canal  has  a  radius  of  3500  fa 

Go  the  Danube,  in  the  Sulina  Channel,  curves  of  SOO-fe* 
radius  were   found  unworkable,  and  those   of  1200   feet  gai 
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pouble  to  tlie  longest  steamers  passing  through  the  channel. 
Si«  sharper  curves  were  therefore  increased  to  1600  feet  radius, 
rith  a  low-water  width  of  370  feet, 

I  On  the  North  Sea  and  Baltic  Canal,  now  in  process  of  con- 
traction, and  which  is  intended  for  the  navigation  of  vessels  of 
he  largest  class,  the  radius  of  the  curves  ranges  from  3281  to 
[0.686  feet,  and  averages  9309  feet.  In  curves  under  8202  feet 
dius  the  navigable  width  is  increased  from  118  to  170  feet. 
~       1  two  counter-curves  <)ccur,  a  straight  line  lias  been  in- 

lolated.    About  thirty-seven  per  cent,  of  the  canal  consists  of 

res. 

If  a  vessel  has  little  water  to  spare  under  her  keel,  it  renders 
tbe  navigation  of  curves  more  difficult,  she  being,  under  such 
Bonditions,  more  slow  in  answering  her  helm. 
I  Effect  of  Deepening  and  Improvii^r. — The  effect  of  deepening 
Kad  improving  rivers  is  to  increase  the  range  of  the  tide  and  the 
l^otume  of  tidal  water  passing  up  and  down  the  channel.  For 
ixAmpIe,  in  the  Thames,  the  waterway  of  old  London  Bridge 
pas  so  restricted  tliat  the  sectional  area  of  the  water  through 
kbe  arches  was  less  than  half  that  of  the  channel  of  the  river, 
causing  the  flood  tide  to  be  6  inches  higher  on  the  lower  than 
Ibe  upper  side,  and  the  ebb  to  be  from  3  to  5  feet  higher  on  the 
[Bpper  than  the  lower  side.  The  removal  of  this  obstruction, 
ihe  dredging  away  of  shoals  at  Blackwall,  Dagenham,  and  other 
waces  in  the  lower  reaches,  over  several  of  which  the  low  water 
liad  only  half  its  normal  depth,  and  the  removal  of  about  a 
^siillioa  cubic  yards  of  gravel  and  sand  between  London  Bridge 
and  Vanxhall,  has  resulted  in  accelerating  the  time  of  high 
iwater  at  London  Bridge  about  half  an  hour,  in  lowering  the 
■low-water  line  nearly  4  feet  at  London  Bridge  and  2  feet  at 
JTeddiogton,  and  in  raising  the  line  of  high  water  between  those 
places  upwards  of  G  inches,  and  increasing  the  tidal  volume  in 
tiiia  roach  twenty-five  per  cent. 

On  the  Tyne,  the  result  of  the  dredging  and  improvements 
made  in  the  channel  resulted  in  lowering  the  low-water  line 
E  feet  at  Blaydon,  15  miles  from  the  sea.  and  3  feet  U  inches  at 
Newcastle ;  and  raising  the  line  of  high  water  at  the  same 
places  1  foot,  giving  an  increased  range  of  7  feet  and  4  feet 
6  inches  respectively,  and  adding  about  20  million  cubic  yards 
to  the  tidal  volume  at  spring  tides.     The  time  of  high  water  has 

1  advanced  three-quarters  of  an  hour,  and  the  first  of  tlood 
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now  reaches  Newcastle  from  Shields  in  fifteen  minutes  as  against 
two  hours  and  a  quarter  formerly,  thus  increasing  the  velocitf 
of  the  tidal  wave  from  4^  miles  an  hour  to  38  miles. 

On  the  Clyde,  the  low-water  line  has  been  depressed  8  feet 
at  Glasgow,  and  the  high-water  raised  10  inches,  making  i 
greater  range  of  tide  of  8  feet  10  inchea     The  time  of  higii 
water,  as  compared  with  that  at  Port  Glasgow,  17^  miles  below, 
has  been  advanced  three-quarters  of  an  hour  since  1835,  and 
three  hours  since  the  beginning  of  the  present  century.    He 
first  of  the  fiood  now  reaches  Glasgow  in  about  an  hour  and  a 
half  after  leaving  Garmoyle  Light,  or  at  the  rate  of  9  milei 
an  hour.     Spring  tides  range  about  11  feet  2  inches  at  Glasgow, 
and  rise  1  foot  2  inches  to  1  foot  6  inches  higher  there  than  it 
Port  Glasgow,  and  ebb  out  4  to  9  inches  lower,  making  the  range 

1  foot  6  inches  greater  at  Glasgow. 

On  the  Seine,  the  low- water  has  been  depressed  in  the  river 

2  feet  6  inches,  the  high-water  line  remaining  the  same,  and  is 
level  with  that  in  the  estuary.  The  first  of  the  flood  reaches 
Rouen  an  hour  earlier  than  before  the  improvements  were  madft 
The  tidal  wave  of  the  first  of  the  flood  travels  from  Honfleur  to 
Rouen  at  a  rate  varying  from  7  to  25  miles  an  hour,  the  greatest 
rate  being  over  a  portion  of  the  river  which  is  20  feet  deep  st 
low  water.  The  results  would,  no  doubt,  be  greater  in  this  river 
if  the  tidal  water  had  a  free  access  into  the  channeL 

The  removal  of  the  shoals  in  the  Tay  between  Newburgh 
and  Perth  depressed  the  low-water  line,  and  caused  the  tide  to 
reach  Perth  an  hour  sooner,  but  did  not  afiect  the  level  of  high 
water.  So  also  the  removal  of  the  old  Cross  Keys  Bridge  across 
the  Nene  caused  a  depression  in  the  low  water  of  2  feet  3  inches, 
but  the  level  of  high  water  remained  the  same. 

Note. — After  tliis  chapter  was  in  print,  the  author's  attention  was  drawn  to  ta 
incident  which  occurred  in  the  Garonne,  as  eiven  in  M.  Partiot's  book,  "  l^tade 
snr  Ics  liivieres  a  Mare'cs.*'  A  steamer  was  snnk  at  the  month  of  the  river  Gizonde, 
opposite  Verdon,  by  a  collision,  and  rested  on  her  keel  at  the  bottom  of  the 
channel,  the  masts  and  chimney  only  showing  at  low  water.  On  an  examinatwn 
being  made  by  the  agents  of  the  salvors,  it  was  found  that  theTeseel  was  oompletelj 
buried  in  sand,  the  sandbank  extending  about  100  yards  fore  and  aft  of  the  TOMe), 
and  50  yards  Irom  each  side.  Subsequently,  on  a  second  examination  being  mada^ 
it  was  found  that  the  sand  had  disappeared,  and  the  channel  was  so  aooured  ont 
that  chains  could  be  passed  under  the  keel  of  the  Teasel  at  either  end,  the  hull 
being  supported  only  in  the  middle.  The  first  examination  had  been  made  at  the 
end  of  the  ebb,  while  the  second  was  made  at  the  end  of  the  flood.  Soundiiigt 
were  then  taken  at  every  hour  during  a  complete  tide,  when  it  was  found  that 
during  this  interval  the  vessel  was  alternately  covered  and  nnoovered  with  stDd. 
The  ebb  deposited  the  sandbank,  and  the  flood  removed  it  again. 


I  a  paper  contributed  to  the  Proceedings  of  Hie  Insiitiition 
f  Civil  Engineers  in  1890,  the  author  divided  bars  into  four 
■duses.* 

1.  Those  consisting  of  hard  material  not  affected  by  the 
,acour  of  the  current. 

2.  Those  due  to  the  deposit  of  alluvial  matter  brought  down 
riy  rivers  draining  large  areas  of  country,  and  discharging  into 
'tideless  seas,  or  where  the  rise  of  tide  is  very  small. 

3.  Casual  bars  of  shingle  or  sand,  occasionally  heaped  up  by 
"the  action  of  the  waves  in  heavy  gates,  and  afterwards  displaced 
ty  the  currents. 

4.  Bars  consisting  of  sand  or  shingle,  which,  while  per- 
manently retaining  their  general  features,  are  constantly  subject 
to  alteration  from  effects  caused  by  winds,  waves,  and  varying 
currents. 

To  this  arrangement  it  is  intended  to  adhere  in  this  chapter. 
A  bar  across  a  tidal  river  may  be  described  as  consisting  of 
one  or  more  banks  or  ridges  extending  across  the  entrance 
channel,  having  deeper  water  both  on  the  seaward  and  inner 
sides,  and  the  crest  rising  above  the  general  level  of  the  bottom 
f  of  tlie  channel  adjacent.  In  non-tidal  rivers  the  bar  consists  of 
I  a  long  flat  shoal  at  the  mouth  of  the  river,  which  rises  so  far 
I  above  the  general  level  of  the  bottom  of  the  river,  both  at  the 
I  ODtfidl  and  in  the  channel  above  the  shoals,  as  to  render  the 
I  cbatmel  useless  for  that  class  of  navigation  for  which  otherwise 
n't  would  be  htted. 

Bars  are  not  common  to  all  rivers.  At  the  mouths  of  most 
estuaries  with  sandy  bottoms  ridges  and  depressions  similar  to 

•  **  Ban  at  tbe  Uaatlu  of  Tidal  EstoRrios,"  by  W.  H.  Wheeler,  Min.  frtm. 
la*.  ToL  C. 
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bars  are  to  be  found,  but  in  many  cases,  owing  to  the  great 
depth  of  water  over  them,  they  cannot  be  deemed  bars.  In 
other  estuaries  where  well-defined  bars  exist,  the  crests  of  these 
do  not  rise  above  the  general  level  of  the  channel  inside,  and 
therefore  do  not  form  impediments  to  vessels  going  up  or  down 
the  channel.  The  approaches  to  the  Thames,  the  Humber,  the . 
Forth,  the  Severn,  and  the  Scheldt,  are  all  encumbered  with 
large  beds  of  sand,  through  which  the  tidal  currents  always 
maintain  one  deep  low- water  channel  free  from  the  obstruction 
of  a  bar.     The  entrance  to  the  Seine  has  its  bottom  furrowed  by 

^^  ridges,  which  rise  from  1  to 
2  fathoms  above  the  hollows, 
but  as  there  is  from  6  to  7 
fathoms  on  the  crest  of  these 
ridges,    the    general    depth 
being  about  7  fathoms,  they 
cannot  be  considered  as  bar& 
On  the  Tees,  previous  to 
the    training    works  imme- 
diately outside  the  bar,  the 
depth,  as  shown  in  Fig.  13, 
was  21    feet    at    low- water 
spring  tides,  on  the  bar  there 
were  7  feet,  and  inside  30  feet.    At  1  mile  above  the  bar  the  water 
shoaled  to  9  feet,  at  2  miles  to  6  feet,  the  navigable  depth  con- 
tinuing to  shoal  above 
this.       In     this    case, 
therefore,  the  bar  was 
not     the     impediment 
which  prevented  vessels 
from    getting    up  the 
river,      although,     no 
doubt,  it  was  a  source 
of  danger  to  vessels  try- 
ing to  cross  it  in  rough 
weather  without  hav- 
ing a  sufficient  depth 
of  water  under  them. 
The  bar  which  ex- 
^8  on  the  Ribble  (Fig.  14),  which  has  a  depth  at  low  water  of 
at  a  fathom  on  the  crest,  with  5  fathoms  on  the  sea  side 


mi-  4 
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FiQ.  13.— Section  of  bar  of  River  Tees. 


2  1 

Fig.  14.— Section  of  bar  of  River  Ribble. 
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>!i  the  inner  side,  cannot  bo  considered  as  an  impediment 
navigation,  as  the  channel  above  it  has  a  less  depth  for 
istanc^  than  is  found  on  the  crest  of  the  bar. 
3  bar  which  formerly  existed  on  the  Tyne  (Fig.  15)  had 
>m  on  it  at  low  M'ater,  with  9  fathoms  on  the  sea  side  and 
le  inside.    The  river  .^■ 


<»^*^ 
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lately  above  Shields 
ir  had  only  from  4 
eet.  In  this  ca.se, 
gh  the  bar  might 
J  the  cause  of  pre- 
g  vessels  of  deep 
it  navigating  the 
yet  it  was  a  hin- 
I  to  navigation,  as 
the  bar  there  was  a 
ool  varying  in  depth 
13  to  10  feet  at  low 
in  which  vessels,  al- 
I  unable  to  navigate 
ver  at  low  water, 
yet  lie  aHoat  at 
iga  waiting  for  a 
able  tide  or  weather.  The  bar  prevented  these  vessels 
roceeding  to  sea  at  low  water,  which  otherwise  they  could 
lone. 

rs  composed  of  Hard  Uaterial. — Bars  of  the  first  class  consist 
lelf  or  ridge  running  across  a  river-mouth,  consisting  either 
ae,  very  hard  clay,  or  occasionally  of  large  boulders,  or 
B  cemented  together  with  clay.  Such  bars  can  only  be 
ed  by  dredging.  The  effect  of  the  removal  may  be  per- 
il, or  the  surrounding  conditions  may  be  such  that  the 
naterial  may  be  replaced  by  sand,  and  the  bar  reappear, 
^mple  of  this  was  quoted,  in  the  paper  referred  to,  by 
nith.  At  Aberdeen  harbour,  a  bar  consisting  of  boulder 
jvas  removed  from  the  entrance  channel  by  dredging. 
the  removal  of  the  clay  a  bar  formed  again,  and  continued 
so  as  often  as  dredged  away,  by  the  piling  up  of  heavy 
id  driven  in  by  the  waves  during  storms.  By  continual 
ng  the  supply  of  sand  overlying  the  beach  of  boulder  clay 
t  last  exhausted,  and  a  permanent  improvement  obtained 
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by  extending  the   deepening  in  oontinoation  of  the  line  of 
channel  outwards  for  nearly  half  a  mile  to  the  5-£Ekthom  line. 

The  bar  across  the  mouth  of  Lough  Carlingford,  on  the  east 
coast  of  Ireland,  is  another  example  of  this  class.  It  consisted 
of  hard  clay  mixed  with  stones,  some  of  which  weighed  as  modi 
as  4  tons.  Through  this  bar  a  channel  400  feet  wide,  with 
a  depth  of  from  14  to  18  feet  at  low  water,  was  dredged.  In 
this  case  the  result  was  permanent,  and  there  was  not  any 
reforming  of  a  new  bar. 

The  Tay  is  encumbered  with  an  inner  bar,  about  6  miles 
above  the  outer  bar,  consisting  of  boulders  and  hard  gravel  so 
heavy  and  compact  as  to  be  uninfluenced  by  the  currents.  The 
crest  is  4  feet  above  that  of  the  outer  bar. 

Bars  due  to  the  Deposit  of  Alluvial  Matter. — ^These  are  to  be 
found  in  tideless  rivers,  or  where  the  rise  and  fall  of  the  tide  is 
so  small  as  practically  to  render  the  river  non-tidaL  Numerous 
instances  of  such  bars  occur  at  the  mouths  of  the  rivers  dis- 
charging into  the  Mediterranean,  or  the  bays  along  its  coast, 
and  in  those  discharging  into  the  Oulf  of  Mexico,  in  both  of 
which  cases  the  rise  of  tide  is  less  than  2  feet ;  and  also  in  the 
Black  and  Caspian  seas,  which  are  tideless. 

In  tidal  rivers,  the  ceaseless  action  of  the  tides,  by  which  an 
enormous  volume  of  water  is  poured  into  and  discharged  from 
the  river  twice  every  day,  not  only  serves  to  keep  the  alluvial 
matter  contained  in  the  water  in  suspension,  but,  by  difliising  it 
throughout  the  whole  volume  of  the  tidal  water  brought  in  on 
the  flood,  carries  the  greater  part  of  it  away  on  the  ebb  and 
deposits  it  in  the  Jeep  water  of  the  ocean.  In  a  non-tidal  river 
the  alluvial  matter  brought  down  the  channel  continuously,  and 
to  a  very  much  increased  extent  in  floods,  settles  at  the  mouth 
of  the  river,  where  the  current  is  checked  and  the  velocity  is 
reduced.  In  time  large  deltas  are  thus  formed,  through  which 
the  water  from  the  river  finds  its  way  to  sea  by  several  shallow 
channels. 

The  Tiber  and  the  Po  are  both  illustrations  of  the  incapacity 
of  non-tidal  rivers  to  maintain  their  outfalls,  the  beds  of  these 
rivers  being  so  much  raised  that  they  are  above  the  level  of  the 
country  through  which  they  pass.  The  Rhone,  which  flows 
through  a  channel  having  a  depth  of  40  feet  at  ordinary  seasons, 
and  discharges  into  the  Gulf  of  Foz  in  the  Mediterranean,  is  en- 
cumbered at  its  mouth  by  a  bar,  over  which  there  is  only  a  depth 
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feet.  This  short  lenfttli  of  slioal  or  bar  entirely  deprives  this 
in  its  natural  condition,  of  the  eoonnou^  advantages  which 
possesses  as  a  navi^ble  inland  stream.  The  Nile  is  another 
illustration  of  a  river  which,  emptying'  into  the  almost  tideless 
Uediterranean,  has  not  water  enough  at  itfi  mouth  to  enable  it 
to  be  navigated.  Tlie  Mississippi  and  several  other  large  rivers 
diseharginf;  into  the  Gulf  of  Mexico,  have  deltas  or  bars  at  their 
mouths.  These  bars  prevented  the  use  of  the  rivers  in  their 
natural  condition  for  such  navigation,  as  otherwise  they  are 
eminently  adapted.  The  example  of  the  Danube  discharging 
into  the  Slack  Sea  is  too  well  known  to  require  further  notice. 
The  Volga,  which,  with  its  tributaries,  has  a  navigable  waterway 
of  about  "SOO  miles,  is  yet  so  encumbered  with  a  long  bar  at  its 
mouth,  where  it  enters  the  tideless  waters  of  the  Caspian,  that 
there  i.s  barely  8  feet  of  water. 

In  all  these  cases  the  rivers  have  formed  deltas  by  the  deposit 
of  the  alluvial  matter  brought  down  by  the  stream,  which  has 
been  deposited  owing  to  a  diminution  of  the  velocity  of  the 
current,  and  to  eddies  produced  by  the  outpouring  water  coming 
in  contact  with  the  littoral  currents. 

The  large  accumulations  of  sand  found  in  most  tidal  estuaries 
vary  considerably  both  in  their  composition  and  cause  of  deposit 
from  alluvial  deltas,  and  also  in  the  fact  that  they  are  in  situa- 
tions where  there  is  generally  a  considerable  rise  of  tide.  These 
sands  ai'e  not  continually  accreting  and  forming  deposits,  but 
maintain  their  original  form  and  extent  in  a  more  or  less  stable 
state  80  long  as  the  natural  conditions  under  which  they  exist 
remain  unaltered.  In  the  more  open  ^ea  the  accumulations  of 
aand  may  be  drifted  along  the  coast  during  long-continued  gales 
and  form  casual  bars  at  the  mouths  of  the  rivet's,  but  this 
nuiterial  will  be  transported  away  when  the  normal  conditions 
are  resumed.  For  example,  on  the  coast  on  the  south  side  of 
the  Straits  of  Dover  there  are  large  masses  of  sand  which, 
reaching  from  the  north-east  pa«t  Ostend  and  Dunkirk,  extend 
Muthward  past  Calais  and  Boulogne.  A  strong  gale  from  the 
north-east  causes  the  sea  to  be  so  rough  that  the  sand  stirred  up 
by  the  waves  is  drifted  and  deposited  in  the  comparatively  slack 
water  near  the  hai'bours,  forming  bars  across  their  mouths  which 
rise  several  feet  above  the  genei'al  level  of  the  bottom  of  the 
»ea.  These  bars  remain  until  gradually  dispersed  by  the  action 
4li  the  waves  during  westerly  gales.     After  a  gale  lasting  three 
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days,  the  quantity  of  sand  deposited  at  the  end  of  the  pier  ai 
Dunkirk  was  estimated  by  M.  Plocq,  the  engineer,  at  40,000 
cubic  yards. 

It  is  unnecessary  to  multiply  further  examples. 

Bars  at. the  Months  of  Sandy  Estnaries. — ^This  form  of  bar  k 
the  type  most  frequently  met  with.  They  possess  features  of 
a  most  remarkable  character,  consisting  of  one  or  more  ridges  or 
mounds  of  material,  the  particles  of  which  have  not  the  slightest 
coherence,  yet  stand  with  a  slope  much  steeper  than  their  natanl 
angle  of  repose.  Rising  in  some  cases  as  much  as  from  40  to 
50  feet  above  the  bottom,  they  maintain  their  positions  acrosB 
channels  subject  to  a  tidal  rise  of  from  20  to  30  feet,  through 
which  currents  run  at  a  rate  of  from  3  to  4  knots,  and  the 
direction  of  which  is  reversed  four  times  every  day.  Exposed  to 
the  storms  and  waves  of  the  open  sea,  they  are  sometimes  partij 
dispersed  or  added  to,  altering  their  position  and  shape,  jet 
having  a  normal  condition  to  which  they  are  restored  when  the 
disturbing  causes  cease. 

The  most  remarkable  example  of  a  bar  of  this  class  is  that 
of  the  Mersey  (Fig.  16).     The  bar  extends  in  a  horseshoe  shape 
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Fio.  16.— Section  of  bar  of  River  Mersey. 


across  the  channel,  which  is  here  a  mile  wide,  a  short  distance 
above  where  it  joins  the  open  sea,  from  a  mass  of  sandbanks  on 
either  side.  Its  length  is  about  three-quarters  of  a  mile,  and  on 
its  crest  at  low  water  the  depth  varied  from  7  to  15  feet,  while 
in  the  channel  on  the  inside  there  is  a  depth  of  about  8  to  9 
fathoms,  and  on  the  sea  side  of  7  fathoms.  During  the  last  50 
years  the  low-water  channel  of  the  Mersey  has  altered  itft 
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lion  three  times,  yet  every  new  chajinel  has  been  accoin- 
ied  by  a  bar  of  saud  across  it,  notwithstanding  that  the  low 
er  OD  the  inside  runs  through  a  deep  rocky  channt'l  having 
eptb  of  from  30  to  50  feet,  and  the  range  of  tide  in  high 
ng  tides  is  30  feet. 

The  river  Dee,  which  discharges  on  tlie  same  part  of  the 
it  as  the  Mersey,  bos  two  outlets  into  Liverpool  Bay,  both 

fhave  sandbars.     In  the  Welsh  Channel  there  are  two 


r     ./-     /•■' 

c/" 

y 

»» 

, 

'-f—i — i — i- 

s 

-J — 

-1 H 

i 

— i 

SHMm  thrangb  Wtlih  ct 


■8,  having  about  18  feet  on  their  crests  at  low  water,  and  28 
b  between  them,  deepening  at  the  sea  end  to  34  feet,  and  on 
!  to  28  feet,  and  at  a  little  distance  above  to  a  deep 
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hole  having  from  9  to  10  fathoms.  The  bar  of  the  channel  b^ 
the  Helbre  Swash  has  16  feet  on  its  crest  at  low  wat«r,  and  3! 
feet  on  the  outside,  and  27  feet  on  the  inside,  also  deepening  ii 
one  place  to  8  and  9  fathoms  {Fig,  17). 

The  bar  at  the  mouth  of  Boston  Deeps  (Fig.  18)  is  a  typ« 
of  a  rather  different  character.  The  Wash,  on  the  east  coast,  is 
divided  into  two  parts  A 
low  water  by  a  long  narrow 
bank  of  sand,  which  i 
tends  for  15  miles  between 
the  two  channels.  The  aides 
of  this  sand  at  the  lower 
end  are  so  steep  as  to  b» 
nearly  vertical,  there  bein^ 
a  depth  of  over  3  fathontf 
at  low  water  close  up  to  tl 
sand.  Lynn  Deeps,  on  th»' 
south  side,  is  7  miles  wide 
at  the  mouth,  and  has  a 
depth  of  from  13  to  13 
fathoms  at  low  water  spring 
__  tide.     Boston  Deeps,  on  tha 

north  side,  is  only  a  quarter 
of  a  mile  wide  at  the  mouth,  and  has  a  bai-  with  only  S 
fathoms  on  it  at  low  water  spring  tide.  This  bar  extends  over 
a  lengtli  of  about  a  mile,  and  consists  of  three  ridges  of  sand, 
which  are  so  narrow  that  the  depth  of  water  within  a  singl* 
cast  of  the  lead  varies  a  fathom.  Spring  tides  rise  23  feet  and 
set  over  the  bar.  The  channel  shoals  from  5  fathoms  on  thft 
inside  to  2  fathoms  on  the  bar,  and  then  deepens  to  +i  fathoms 
outside.  The  ridges,  altliough  continually  altering  their  form, 
maintain  a  general  uniformity. 

Bars,  although  retaining  their  character  a.s  bat's,  may  yet 
alter  their  position  due  to  gales  and  other  causes.  Thus  the 
sandbar  which  formed  inside  the  north  pier  of  Abei-deen,  where 
the  exposure  is  north  to  north-east,  was  driven  up  the  harbour 
during  heavy  weather  and  strong  gales  from  the  noHh-east  If 
there  happened  to  be  a  dry  season,  and  the  ebb  currunt  slackenedi 
it  was  driven  further  up  the  harbour ;  but  in  calm  weather  ant 
with  heavy  freshets  inside,  it  was  shifted  down  nearer  the 
At  the  small  harbour  of  Valery-en-C'aux  there  is  a  continual' 
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travel  of  shingle  acrosa  tte  entrance  from  the  west,  but  nnder 
ordinary  conditions  the  tidal  flow  is  able  to  maintain  a  channel. 
When,  however,  there  ia  a  long  continuance  of  westerly  winds, 
the.  entrance  ia  sometimes  completely  closed,  and  an  opening 
through  it  has  to  be  made  by  manual  labour.  When  strong 
easterly  gales  blow  for  any  length  of  time,  the  surf  drives  the 
shingle  from  the  entrance,  lowering  the  bar  and  clearing  the 
channel.  The  collection  of  shingle  here  is  assisted  by  an  eddy 
current  called  the  sciade,  formed  by  the  flood-tide,  which  swirls 
round  the  pier  heads  and  is  increased  in  force  when  the  move- 
ment of  shingle  is  greatest  during  westerly  winds. 

The  shingle-bars  on  the  south-east  coast  frequently  alter 
their  position  due  to  gales.  Thus  at  Lowestoft,  if  the  wind 
continues  for  a  long  time  from  the  north-east,  the  shingle  ac- 
cumulates acros.s  the  mouth  of  the  harbour  to  an  extent  that 
considerably  detracts  from  the  deptli  of  the  channel.  At 
Southwold  north-east  winds  increase  the  height  of  the  bar, 
sometimes  to  such  an  extent  as  to  leave  it  dry  at  low  water, 
Mid  when  the  winds  are  from  the  opposite  direction,  leaving 
several  feet  of  water  over  it.  Both  at  Orfonl  Haven  and  at 
the  mouth  of  the  Deben  the  shape  and  position  of  the  bars  are 
continually  changing. 

Formation  of  Sandb&ri. — A  tidal  bar  assumes  the  form  of  a 
tit^e,  having  deep  water  on  either  side.  The  ridge,  being  once 
ti>rmed,  aids  in  its  own  maintenance.  As  already  pointed  out, 
»nd  is  moved  in  an  estuary  in  a  series  of  ripples  or  ridges, 
having  a  long  slope  on  tlie  upper  side,  or  that  from  which  the 
current  is  coming,  and  a  steep  face  on  the  down  side.  Over 
this  steep  face,  or  tip,  the  particles  of  sand  are  rolled.     In  a 


J  channel  whero  the  current  i 
*  position  of  this  face  varies  ■' 
gUkB  foot  of  the  ridge  a  rotary  or  screwing  motion  ia  set  up. 


*  continually  being  reversed, 
rith  the  direction  of  the  tide. 
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whieh  whirLn  the  particles  of  material  round  the  bottom  of  tbe 
hollow,  continually  tending  to  seoor  it  deeper.  The  correot^ 
moving  forward  along  the  bottom,  is  deflected  upwards,  and  rolls 
the  particles  up  and  over  the  ridge  as  shown  in  the  illustration 
(Fig.  19).  The  motion  of  the  sand  as  here  deseribed  may  be 
distinctly  seen  in  the  working  model  of  a  tidal  estuary  hereafter 
described. 

Channels  where  Ban  are  abaaat. — Bars  having  been  once  foraed 
and  subsequently  maintained  by  the  action   set   up  fay  tbeir 
shape,  if  removed  by  dredging,  are  not  liable  to  be  lefonned, 
unless  in  situations  where  there  is  a  strong  littoral  drift  and  the 
ebb  current  is  not  sufficient  to  keep  this  out  of  the  chaoneL 
The  conditions  most  favourable  to  the  absence  of  bars  are  thoae 
where  the  estuary  assumes  a  funnel-shaped  form,  decreasiiig  in 
width  and  depth  from  the  mouth  upwards ;  when  the  momentom 
of  the  tide  is  not  unduly  checked ;  when  there  is  a  free  propaga- 
tion and  long  tidal  run ;  when  the  ebb  current  is  so  directed  aa 
to  have  a  preponderating  force  over  the  flood  in  the  removal  of 
material ;  and  when  the  out£Edl  channel  is  continued  into  deq) 
water. 

Theories  as  to  the  Cause  of  Bars. — It  has  been  maintained  thai 
bars  are  due  to  the  detritus  carried  in  suspension  by  a  river 
when  it  enters  the  sea,  either  from  the  slackening  of  the  velocity 
of  the  current  owing  to  increased  area ;  or  to  the  meeting  of  two 
currents  whieh  neutralize  each  other;  or  to  the  effect  of  the 
inflowing  tidal  water,  which,  from  its  specific  gravity  being 
greater  than  that  of  fresh  water,  checks  the  lower  stratum  of  the 
ebb  current  and  causes  deposit ;  also  to  a  conflict  caused  by  the 
meeting  of  the  flood  and  ebb  currents ;  and  to  an  insufficiency 
of  back  water. 

With  regard  to  the  first  theory,  this  is  so,  as  already  pointed 
out,  in  non-tidal  rivers.  In  a  tidal  river,  where  the  current  is 
continually  being  reversed,  the  particles  of  matter  brought  down 
in  suspension  from  the  upper  reaches  of  a  river  are  too  light  to 
form  a  bar,  but  remain  diffused  amongst  the  tidal  water  until 
deposited  in  the  sea.  The  material  of  which  tidal  bars  are 
formed  consists  of  shingle  or  sand,  the  particles  of  which  are 
too  large  and  too  heavy  to  remain  in  suspension. 

As  to  bars  being  formed  by  the  conflict  caused  by  the  meet- 
ing of  the  ebb  and  flood  currents,  and  that  the  bar  is  the  nodal 
point  where  this  conflict  takes  place,  and  that  at  this  place  the 
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"natter  in  suspension  is  deposited,  tho  answer  is  that  there  is 
•lo  one  defined  place  where  the  action  of  the  tidal  currents  is 
'^Versed,  but  this  position  varies  with  the  condition  of  the  tides, 
^nether  spring  or  neap  ;  and  as  the  matter  in  suspension  is  not 
"Wof  which  bars  are  composed,  if  such  a  nodal  point  existed, 
mid  not  be  the  cause  of  the  bar.  The  continued  reversal  of 
current  has,  no  doubt,  a  material  effect  in  maintaining  the 
\  but  is  not  tlio  cause. 

The  theory  that  attributes  bars  to  the  conflict  occasioned  by 
">e  lueettD^  of  the  fresh  and  salt  waters  seems  disposed  of  by 
"•e  fact  that,  while  the  bar  remains  practically  in  the  f 
pf^sition,  the  point  where  the  fresh  and  salt  waters  meet  varies 
""itjj  every  tide  and  the  amount  of  fresh  water  coming  down 
tbe  nver. 

Importance  has  been  attached  to  the  volume  of  fresh  water 
coming  down  a  river  as  affecting  bars.     Where  the  estuaiy  is 
•"iiaH  as  compared  with  the  magnitude  of  the  river,  and  the  bar 
near  to  its  mouth,  land  floods  may  increase  the  depth  over  the 
"^r,  even  at  higli  water,  and  also  the  scouring  action.    Thus,  in  the 
'  are  at  Yarmouth,  in  heavy  land  floods  the  depth  of  the  water 
"^er  tlie  bar  at  low  water  is  as  great  as  at  ordinary  spring  tides. 
"1  the  Ganges,  although  the  rise  of  tide  is  as  much  as  17  feet,  yet 
Ae  volume  of  water  discharged  in  floods  is  so  enormous  as  to  over- 
•iiie  the  tidal  wave,  and  at  such  times  the  downward  flow  never 
'teases.     The  bar  at  the  mouth  of  the  Douro  is  considerably  im- 
proved by  land  floods,  which  are  exceptionally  heavy  at  times, 
Iieing  1500  times  as  great  in  volume  as  the  ordinary  flow.     The 
oat&ll  of  this  river  is  protected  by  a  wall  wbich  runs  out  on 
the  north  side.     The  detritus  drifted  along  the  coast  accumu- 
lates at  the  end  of  this  wall  and  forms  the  bar,  the  depth  of 
water  on  which  varies  from  14  to  17  feet.     The  rise  of  spring 
tides  is  about  11  feet,  whereas  heavy  land   floods  have  been 
known  to  rise  more  than  33  feet,  and  have  been  reported  afi 
running  down  the  channel  at  the  rate  of  IG  knots — a  velocity 
which,  however,  probably  has  been  over-estimated.      The  dis- 
charge of  the  fresh  water  during  these  floods  is  twenty-eight 
times  as  great  as  the  tidal  water  at  spring  tides  {Min.  Proc. 
I.C.E..  vol.  Ivu.). 

The  bulk  of  the  material  brought  down  by  land  floods  in 
tidal  rivers  which  are  navigable,  as  distinguished  from  mountain 
torrents,  is  of  an  alluvial  character,  and  remains  in  suspension  as 
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long  as  the  water  ia  in  motion,  Theio  is,  however,  a  eei 
proportion  of  sand  whicb,  in  b.  heavy  flood,  may  be  carried 
the  bar,  and  For  a  time  add  to  it;  but  the  probability  is  that 
such  a  case  there  would  be  an  increase  in  the  volume  and  for 
of  the  ebb  sufficient  to  carry  these  particles  over  the  creat  ai 
out  to  sea.  In  heavy  land  Hoods,  material  may  also  be  washed' 
out  of  the  upper  part  of  an  estuary,  and  be  carried  down  to  th 
bar  and  remain  there.  An  example  of  this  Is  afibrded  by  th 
Mersey.  The  upper  estuary  of  this  river  consists  of  a  lai^  tn 
of  aanci,  deposited  there  like  other  similar  beds,  when  the  ri»i 
and  estuary  received  its  present  form.  Additional  sand  an 
detritus  is  brought  down  by  the  river  in  floods,  and  supplioi 
from  the  erosion  of  the  clifl's.  Material  is  also  carried  out  of  9 
by  heavy  floods  and  the  ebb  current,  so  that  the  area  tsii 
amount  of  material  in  the  estuary  is  kept  at  a  normal  quan^^ 
Periodical  surveys  indicate  that  at  times  it  increases  and 
others  decreases,  but  over  a  long  period  of  time  it  retains 
original  features.  This  is  a  condition  common  to  most  sandy 
estuaries.  Whenever  there  have  been  heavy  and  long-cootiniied 
freshets  down  the  Irwetl  and  the  Mersey,  the  course  of  tbe 
channels  through  the  estuary  has  been  changed  and  the 
disturbed.  The  ebb  has  been  sufficiently  powerful  to  carry  tt 
certain  quantity  of  this  sand  down  to  the  bar,  but  not  to  liftifi 
all  over  the  crest.  Under  these  conditions,  it  has  been  found 
that  after  heavy  freshets  the  bar  has  increased,  in  height,  tun! 
the  depth  of  water  over  it  decreased.  On  the  resumption  of 
the  normal  flow  it  has  gradually  deepened  again,  but  had  no^ 
up  to  the  time  when  the  pi'esent  dredging  operations 
recovered  the  eflect  of  the  last  long-continued  rains  which 
curred  for  several  years  in  succession,  and  when  it  was  estimated 
that  nearly  6  million  cubic  yards  had  been  transported  from  t 
estuary.  Tbe  heights  on  the  bar,  and  further  details  as  to  tl 
estuary,  will  be  found  in  the  description  of  the  river  Mersq 
given  afterwards. 

Generally,  in  tidal  rivers,  the  size  of  the  estuary  ia  such 
the  land  water  bears  a  very  small  proportion  to  that  of  the  tidu 
water.  The  fresh  water  coming  into  an  estuary  at  its  nppe 
end  in  floods  takes  up  space  that  under  normal  conditions  wo u' 
be  occupied  by  water  brought  in  by  the  tide.  The  supply 
tidal  water,  being  unlimited,  fills  the  space  available  for  it  tf 
occupy ;  if  any  portion  of  this  space  is  occupied  by  freah 
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bere  is  so  much  less  room  for  the  tidal  water.  T)ie  &esh-watcr 
svel  is  raised  and  driven  back  up  the  river,  but  the  level  of 
ogh  water  in  the  lower  part  of  the  tidal  estuaries  of  this  countrj-, 
rith  few  exceptions,  remains  unaltered  during  the  heaviest  land 
looda.  The  river  may  be  incapable  of  dischai'ging  the  fresh 
rater  brought  down,  causing  its  bunks  to  overflow  and  the 
ountty  to  be  flooded  ;  but  while  this  is  occurring  in  the  upptT 
>art  o£  the  river,  the  level  of  high  water  in  the  estuary  may 
>nly  attain  the  height  due  to  ordinary  tidal  action.  So  far  as 
Jie  channel  is  confined,  tlie  volume  and  depth  of  the  latter  part 
if  the  ebb  will  be  greater  than  under  normal  conditions;  but 
rltfia  the  fresh  water  enters  the  open  estuary,  the  quantity 
liecharged  is  so  small  a.s  compared  to  the  volume  of  the  tidal 
vater,  that  the  quantity  passing  out  over  the  bar  will  be 
iractically  the  same  whether  freshets  prevail  or  not. 

The  fact  that  a  bar  remains  permanently,  and  that  land 
loods  are  interriiittent,  disposes  of  the  theory  that  they  are  the 
pveming  factor  in  maintaining  the  outfall. 

It  cannot  with  reason  be  said  that  the  smallness  of  the 
ratershed  of  the  Mersey,  which  drains  only  1706  square  miles, 
I  the  cause  of  its  bar.  The  volume  of  tidal  water  flowing 
brough  its  channel  continuously  is  calculated  to  be  500  million 
obic  yards  each  tide,  as  compared  to  2  million  cubic  yards  due 
o  occasional  land  floods.  The  total  quantity  of  tidal  water 
rhicli  passes  and  repasses  over  the  sandbanks  between  New 
JrightoD  and  Formby  Point  is  1520  mdlion  cubic  j-ards. 
^or  can  the  bar  of  the  Tay  be  ascribed  to  a  deficiency  of  fresh 
irster,  this  river  having  the  greatest  discharge  for  its  drainage 
irea  of  any  river  in  Great  Britain,  and  almost  equal  to  the 
rbames ;  yet  the  quantity  of  tidal  water  was  estimated  by  Mr. 
Stevenson  to  be  forty  times  as  great  as  that  of  the  freshets.  In 
i  large  river  like  the  Tliamee,  it  would  be  difficult  to  prove  that 
Lhe  absence  of  a  bai'  was  due  to  the  ordinary  fresh-water  flow, 
yi  to  occasional  lanil  floods,  when  the  quantity  of  water  flowing 
jven  as  high  up  as  between  Teddington  and  Graveseiid  is  nine 
limes  as  great  as  that  due  to  the  freshets  in  heavy  land  floods  ; 
ar  in  the  Humber,  where  the  discharge  in  heavy  freshets  is  only 
ibout  one-eighth  of  the  tidal  flow.  This  river  also  aflbrds 
ividence  against  the  theory  that  bars  are  due  to  material  brought 
lown  the  stream,  as  no  river  in  this  country  carries  so  large  an 
imount  of  alluvial  inattcr  in  suspension  as  the  tributaries  of  the 
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Huiuber.     It  is  unnecesaary  to  give   other   instances,   as  thin 
matter  haa  already  been  fully  dealt  with. 

There  are  bars  at  the  mouths  of  channels  in  estuaries  situated 
so  far  from  the  river  that  it  is  impossible  that  they  can  be 
caused  by  fresh-water  deposits.  Tlie  bar  at  the  entrance  to 
Boston  Deeps  may  be  taken  as  an  example.  It  is  situated  SO 
miles  away  from  the  mouths  of  tlie  two  rivers  which  dischargt 
into  this  part  of  the  estuary.  The  (quantity  of  fresh  water  is 
small  as  compared  to  the  tidal  volume  that  it  becomes  diffus 
amongst  it,  ami  any  influence  is  lost  a  long  distance  above  tbi^ 
bar.  The  material  brought  down  in  suspension  is  deposited 
the  shores  of  the  coast,  the  growth  of  the  salt  marshes 
sufHcient  to  account  for  the  (quantity  of  alluvial  matter  brouglit' 
down.  The  bar  of  Dornoch  Firth  is  also  another  instance.  The 
bar  of  this  river,  as  described  by  Mr.  Stevenson,  is  formed  ol 
pure  sand,  and  is  situated  14  miles  seaward  of  the  point  where 
the  river  Oykell  enters  the  estuary.  The  magnitude  of  On 
firth  as  compared  to  the  river,  the  liigh-watef  area  at  Whitneii 
Point  being  fifty  times  greater  than  at  Bourn  Bridge,  precluile* 
the  formation  of  this  bar  from  being  due  to  the  small  quanlil|^ 
of  detritus  brought  down  by  the  river. 

The  subject  as  to  the  formation  of  bars  was  thorongl^ 
discussed  at  the  Institution  of  Civil  Engineers,  the 
unanimous  opinion  of  the  engineers,  both  English  and  foreigOi 
who  took  part  in  the  debate  so  entirely  accorded  with  the 
set  forth  in  the  paper  laid  before  the  Institution  by  the  author, 
that  these  may  be  taken  as  mainly  correct. 

The  existence  of  tidal  bars  is  due  to  the  action  of  the 
uud  noE  to  that  of  the  land  water.     And  the  chief  factors  in 
tlieir  maintenance  are  tidal  currents  and  on-ahore  gales. 

For  their  foiination,  it  is  necessary  that  the  bed  of  the  estuarj- 
and  of  the  adjacent  sea  should  consist  of  sand  or  shingle ;  and 
that  the  depth  of  water  should  be  sufficiently  shallow  to  allow 
of  the  action  of  waves  and  tidal  currents  on  the  bed. 

Bars  owe  their  origin  and  existence  to  the  balance  of  forces, 
which  was  established  when  the  coast-line  and  estuary  assumed 
their  original  form.  These  are  forces  which  have  continued  to 
operate  ever  since,  and  which  tend  to  build  up  or  disperse  them. 
The  balance  of  forces  originally  set  up,  however,  still  continues. 

On  Coasts  where  there  is  a  travel  of  material  along  the  shore, 
it  is  drifted  in  its  course  across  the  opening  in  the  coast-line 
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"wliich  Torms  the  outlet  for  the  river.  The  flood  tide,  setting 
through  this  opening  into  the  estuary,  tends  to  carry  the  ni&terial 
with  it;  the  el>b  tide,  on  the  other  hand,  tends  to  carry  it  back 
and  disperse  it  into  the  deep  water  of  the  sea. 

Wherever  there  is  any  considerable  motion  of  the  water 
where  the  bottom  of  the  sea  is  mobile,  the  material  invariably 
lies  in  ridges,  these  in  some  cases  being  of  considerable  height. 
Bars  may  therefore  exist  across  the  mouths  of  rivers  where 
there  is  no  drift  along  the  shore,  the  sand  being  thrown  up  and 
assuming  the  form  of  a  ridge  or  ridges,  and  thus  forming  a  bar 
by  the  action  of  the  wind,  waves,  and  the  tidal  current,  and 
being  maintained  by  the  action  which  its  form  sets  up. 

Bars  may  also  exist  in  situations  off  the  coast  where  no 
river  intervenes.  One  instance  of  this  is  found  in  the  English 
Channel  off  Portland  Bill  The  beach  here  is  steep  and  covered 
with  shingle;  the  tide  .sets  with  great  force,  and  at  a  velocity 
at  the  rate  of  5  to  7  knots,  round  the  projection  known  as  the 
Bill,  causing  tremendous  whirls  and  eddies.  At  some  distance 
from  the  shore  is  a  succession  of  pebble  ridges,  varying  in  height 
from  5  to  9  fathoms,  forming  the  bar  to  the  bay.  With  northerly 
winds  the  distance  of  these  ridges  may  be  2  miles  from  the 
shore,  with  overfalls  beyond  that  distance,  and  with  southerly 
winds  they  scarcely  exceed  half  a  mile  from  the  Bill,  the  depth 
of  the  water  being  from  10  to  20  fathoms  at  low  water. 

Where  the  water  at  the  mouth  of  a  river  is  shallow,  and  the 
quantity  of  material  being  moved  along  the  shore  great,  the 

effect  may  be  to  form  such 

a  continued  bar  across  the 

outfall  as  to  divert  it  en- 
tirely    from     its    original 

course.     In    this    case    the 

balance  of"  forces  has  been 

disturbeii      Examples     of 

this  case  are  to  be  found  in    .- 

the  Yare,  on  the  Norfolk 

coast  (Fig.  20),  where  the 

tmvelling  sand  and  shingle 

has  driven  the  mouth  of  the 

original  course.     Also  in  the 

down  on  the  same  coast  (Fi 


,— PUn  of  Bliw  Yme, 


ver  nearly  three  miles  from  its 
lall  rivers  Aide  and  Ore,  lower 
21),  which  approach  within  73 
yanis  of  the  aoa  near  Aldborough,  and  there  have  been  deflected 
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by  the  travelling  sbisgle  abmpiJy  soath-west,  and,  afler  nmnin; 
parallel  with  the  coast  finally  find  an  opening  into  the  sea  9 
miles  lower  down.  la  maay  puti 
the  new  channel  is  aeparated  fron 
the  sea  by  a  ridge  in  places  only 
about  70  or  80  yards  wide ;  and 
maintains  a  depth  thronghoat  at  lov 
water  varying  from  12  to  30  feet^  the 
bar  at  the  entrance  having  9  feet 

The  AdtiT,  on  the  Sussex  coast,  ii 
another  example.  The  shingle,  mor- 
ing  along  the  beach,  has  forced  the 
outfall  4  miles  eastward.  In  all  tiine 
cases  the  direction  of  movement  coin- 
cides with  the  direction  of  the  flood 
tide,  and  is  most  active  with  tboK 
gales  which  have  the  most  effect  is 
producing  high  tidea 

Effect  of  Contour  of  Coast-line  n 
Formation  of  Ban. — Where  the  bed  of 
the  ocean  deepens  rapidly  away  from 
the  mouth  of  the  estuary,  the  particles 
of  material  moving  along  the  cout 
are  less  easily  carried  into  the  channel 
by  the  flood,  and  are  more  readil]- 
transported  from  it  by  the  ebb.  It 
is  not  to  be  expected,  therefore,  that 
bars  will  be  found  in  such  situations. 

Deep  bights,  gradually  increasing  in  width  and  depth 
towards  the  ocean,  are  unfavourable  to  the  formation  of  Inn. 
On  the  other  hand,  an  estuary  which  has  its  connection  witlt 
the  sea  on  a  low  Hat  coast  at  right  angles  to  the  direction  lA 
the  tidal  current  in  the  ocean,  is  disadvantageously  placed  fo 
keeping  its  entrance  clear.  The  difficulty  is  further  iacreaaed 
when  the  water  has  to  find  its  way  to  sea  across  a  beach  en- 
cumbered with  sand,  as  is  the  case  ail  along  the  east  side  of  the 
Irish  channel,  where  the  tidal  currents  have  continually  to 
contend  with  an  immense  mass  of  moving  material,  liable  to  be 
displaced  at  every  gale. 

A  shallow  bay,  in  which  the  tide  runs  more  slack  than  in 
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I  ofimg,  is  almost  always  pi-utluctive  of  a  bar  at  the  moutli  of 
I  estuary  having  its  connection  at  its  head.  An  example  of 
is  was  atfonled  by  the  Tees  in  its  natural  condition.  The 
pstaary  of  this  river  discharges  into  a  shallow  bay  on  the  east 
boast,  in  which  a  sandbank,  having  only  from  3  to  7  feet  of 
Water  over  it  at  low  water  spring  tides,  existed  previously  to 
ne  breakwaters  and  training  walls  being  constructed, 

A  prominent  projection  of  the  coast-line  on  the   side  from 
l^kieh  the  flood  tide  comes,  causes  the  current  to  run  round  it 

irith  sufficient  velocity  to  prevent  the  deposit  or  continuance 
I  of  material  at  the  mouth.  Such  ia  the  case  with  the  Humher. 
.The  tide  setting  from  the  north  flows  round  Spurn  Point  into 

the  estuary  at  the  rate  of  4  knots,  and  maintains  a  navigable 
dtannel  3  miles  wide  and  three  fathoms  deep,  the  lower  side  of 
the  entrance  consisting  of  a  large  area  of  sandbanks.  In  the 
Tay,  however,  the  outfall  of  which  is  situated  at  the  head  of  a 
bight,  having  from  6  to  7  fathoms  close  in  shore,  and  which  has 
a  prominent  projection  of  the  coast-line  known  as  Buddan  Ness 
kit  the  aide  from  which  the  tides  set,  is  encumbeied  with  sand- 
beds  which  extend  out  into  the  bay  from  2  to  3  miles,  and 
■here  is  a  well-developed  sandbar.  The  tidal  flow  is,  however. 
Impeded  in  its  course  into  the  estuary  by  a  hard  ridge,  which  ia 
Itot  amenable  to  scour. 

In  the  Firth  of  Forth,  where  there  is  no  bar,  the  coast-line 
3&  the  south  side  projects  nearly  15  miles  beyond  that  on  the 
north,  from  which  the  direction  of  the  flood  sets.  The  estuary 
is  tmmpet-shaped,  the  deepest  water,  27  fathoms,  being  in  the 
Eeotre,  and  shallowing  to  about  1 2  where  the  estuary  widens  out. 
The  estuaries  of  the  Thames  and  Lynn  Well,  neither  of 
which  is  encumbered  by  a  bar,  have  projecting  coast-lines  on 
the  lower  or  opposite  side  to  the  direction  from  which  the  tide 
Domes.  The  outfall  of  the  Seine  is  situated  in  the  bight  of  a 
bay  having  a  considerable  projection  on  the  east  or  opposite 
side  to  the  direction  of  the  set  of  the  tide,  past  which  it  runs 
with  considerable  velocity  across  the  mouth  of  the  estuary.  The 
Bcbeldt  discharges  on  a  low  flat  coast,  where  the  rise  and  fall  ol' 
the  tide  is  small.  The  Shannon  and  the  Bristol  Channel  have 
each  natural  projections  which  guide  the  tide  directly  into  their 
BBtuaries,  which  gradually  decrease  in  width,  Xone  of  these 
estuaries  have  bars. 

Drift. — The  drift  of  material  along  the  shore  is  almost 
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invariably  in  the  same  direction  as  the  set  of  the  flood  cnrr^i 
Gales  which  blow  in  the  same  direction  as  the  set  of  the  flood, 
or  rather  gales  blowing  obliquely  on  shore  and  acting  with  the 
flood  current,  raise  the  largest  tides  and  the  lai^st  waves ;  and 
consequently  cause  the  greatest  amount  of  erosion  on  the  cliffi, 
and  provide  the  greatest  quantity  of  material  for  drift.  The 
maximum  of  efiect  of  erosion  and  disturbance  is  at  a  high  spring 
tide,  with  heavy  on-shore  gales. 

The  material  broken  up  from  the  beach  or  eroded  from 
the  clifl*s  is  incessantly  rolled  about  until  the  pieces  become 
diminished  in  size  from  broken  masses  of  rock  or  large  flints 
released  from  the  chalk  clifls  to  pebbles,  gradually  decreasing  in 
size  till  the  state  of  coarse  and  then  fine  sand  is  reached.  These 
materials  are  assorted  by  the  action  of  the  sea  according  to  thdr 
size  and  specific  gravity.  The  large  pebbles  are  carried  the 
highest  up  the  beach,  the  coarser  particles  of  sand  and  sheik 
form  the  lower  part.  When  the  shore  is  composed  of  shin^ 
the  sand  will  be  generally  found  beneath  low-water  mark.  The 
finest  particles  of  sand,  w^hen  extended  over  a  sufficiently  wide 
range  to  be  acted  on  by  the  wind,  are  frequently  lifted  up  and 
carried  along  to  the  shore  and  inland,  forming  large  sandhills 
or  dunes,  which  sometimes  rise  to  a  height  of  50  to  60  feet  In 
travelling  along  a  beach,  the  smallest  pebbles  advance  more 
rapidly  and  to  greater  distances  than  those  that  are  larger,  until 
at  some  distance  from  the  source  of  supply  sand  only  will  be 
found. 

Although  under  certain  conditions  on-shore  gales  drive  up 
detritus  and  cause  it  to  accumulate  on  a  beach  or  across  a  river 
mouth,  under  other  conditions  it  may  be  the  means  of  denuding 
the  beach  and  deepening  the  coast-line. 

Ground  swells  also  operate  in  denuding  beaches.  These  are 
due  to  waves  generated  in  the  open  sea  and  breaking  at  right 
angles  to  the  shore-line.  As  the  crest  of  a  wave  rolls  towards 
the  shore  or  into  a  bay,  its  trough  comes  in  contact  with  the 
bottom.  The  upper  part  of  the  wave  continues  its  forward 
inotion,  and  thus  throws  forward  a  large  volume  of  water,  which, 
running  up  the  beach  as  a  surface  current,  returns  as  an  under 
current,  and  carries  back  with  it  the  sand  and  stones  loosened 
by  the  breaking  wave.  In  its  reflex  action  it  therefore  sucks 
out  the  material  from  the  beach,  and  in  time  leaves  it  denuded. 
It  is  by  this  action  that  many  tidal  harbours  are  kept  open. 


BARS  AT   THE  MOUTHS   OF  TIDAL    RIVERS. 


i6t 


ta-sfaore  gales  during  ebb  tides  sometimes   act   in   the   same 
tanner. 

It  is  a  matter  of  common  observation  that,  as  the  tide 
ecedes  from  a  beach,  there  is  left  behind  at  the  level  of  high 
fater,  or  freiiuently  a  little  above  it,  a  line  of  "  wrack,"  or 
ollection  of  material  consisting  of  pieces  of  wood,  seaweed, 
ihells,  and,  where  shingle  is  present,  pebbles,  some  often  of  con- 
liderable  size,  and  that  this  takes  place  even  in  the  calmest 
ireather,  when  there  are  no  waves  except  those  due  to  tidal 
nfluence. 

Careful  observation  will  further  show  that  this  lybris,  sheila, 
ind  shingle  travel  along  the  coast,  the  direction  of  movement 
iieing  obliquely  to  the  shore,  but  in  the  direction  of  the  flood 
tida 

In  the  ti-ansport  of  this  littoral  drift,  the  flood  is,  then,  the 
preponderating  force.  On  the  turn  of  the  tide,  the  ebb  sets  in  at 
drst  during  slack  water, 
uid  gradually  subsides  '. 
from  the  highest  level  of  - 
the  tide  without  creating  ^ 
t  sensible  current. 
ig,  therefore,  incapable  of  ' 
»nying  back  the  ma- 
terial pushed  by  the 
Hood  to  the  highest 
point  reached  by  the  tide-, 
n-hicb  remains  there  un- 
til the  succeeding  flood 
^de  again  pushes  it  on- 
ward. The  illustration 
in  Fig.  22  approximately  represents  the  three  forces  at  work. 

Without  consideration  it  is  difficult  to  realize  the  fact  that 
pebbles  of  considerable  size  arc  thus  moved  upwards  and  along 
the  beach  by  a  movement  of  the  water  of  such  small  velocity 
that,  in  a  running  stream,  it  would  be  quite  incapable  of  even 
moving  them. 

The  tidal  wave  is,  however,  a  great  moving  force  capable  of 
transmitting  its  power  to  objects  with  which  it  comes  in  con- 
tact. As  it  rolls  .-ihoreward  from  the  great  depths  of  the  sea 
with  a  vast  momentum,  it  is  checked  on  reaching  the  shallow 
water  by  the  rising  beach,  and  imparts  a  portion  of  its  energy 
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to  any  pebble  or  other  obstruction  with  wliich  it  coa 
contact.  The  pebble,  being  water-borne,  is  easily  transported 
onward ;  and  step  by  step  is  raised  to  the  highest  point  touclml 
by  the  trough  of  the  wave.  The  largest  pebbles  an?  carrie<l 
the  highest,  because,  owing  to  their  size  and  weight,  they  mtiv* 
and  retain  the  greater  amount  of  monientuni,  and,  once  deposited, 
become  as  it  were  anchored,  whereas  lighter  substances  are  carritd 
back  by  the  receding  wave. 

It  has  generally  been  received  as  an  axiom  that  the  m(pv^ 
ment  of  littoral  drift  is  in  the  direction  of  the  prcMtiViiywini 
This  statement  does  not  appear  to  represent  the  condilioD  of 
affairs  accurately.  The  prevailing  winds  generally  througkol 
this  country  are  from  the  south-west,  blowing  from  that  directioi 
for  about  two-thirds  of  the  year.  The  direction  of  the  inovemflM 
of  the  drift  varies  on  different  parts  of  the  coast.  GcDcralh 
and  subject  only  to  exceptions  due  to  local  causes,  the  direciin 
of  the  drift  along  the  western  side  of  England  is  northwanls, 
along  the  south  coast  it  is  easterly,  and  on  the  east  coast  aoutharlj 
In  each  of  these  cases  the  movement  of  the  drift  is  in  the  saiat 
direction  as  the  main  set  of  the  flood  tide. 

To  take  another  example  from  the  south-east  con 
England,  the  area  of  which  is  so  limited  that  any  wind  whii 
prevails  on  one  part  of  the  coast  must  also  prevail  on  the  rest 
On  the  south  part  of  the  coast  the  direction  of  the  littoral  drift, 
is  eastwards ;  on  the  east,  from  Dover  to  the  North  Fureland,  it '% 
northerly ;  and  up  the  southern  side  of  the  estuary  of  the  Thama 
the  movement  of  the  shingle  is  westerly ;  while  on  the  ngrtb 
side  it  is  south-westerly.  In  all  these  cases  the  drill  travels  i 
the  same  direction  as  the  flood  current.  To  take  a  still  ma 
limited  area,  that  of  Lyme  Bay,  where  local  causes  modify  tl 
set  of  the  tides  and  the  travel  of  the  drift.  This  example 
especially  to  the  point.  The  movement  of  the  shingle  along  tl 
Chesil  Bank,  which  is  situated  in  this  bay,  has  formed  the  subje 
of  two  papersanddiscussionsat  the  Institution  of  Civil  Enginea 
and  also  has  been  dealt  with  by  geologists  and  the  committee 
the  British  Association  on  Coast  Erosion.  It  was  on  observatia 
made  at  the  Chesil  Bank  that  Sir  John  Coode  deduced  the  ll 
as  to  the  travel  of  shingle,  which  has  since  generally,  althoii| 
not  without  question,  been  accepted  as  correct. 

Lyme  Bay  is  situated  on  the  south  coast  of  England,  betwM 
Start  Point  and  Portland  Bill,  the  distance  between  these  prcyi 
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beinj^  48  miles,  the  depth  of  the  bay  biick  from  a  line  drawn 
iQ  these  points  l^eing  25  miles.  At  the  eastern  end  ia 
one  of  the  largest  banks  of  shingle  in  this  country,  known 
Chesil  Bank.  It  is  !5  milea  long,  and  varies  in  width  from 
it  500  to  000  feet,  and  in  height  from  20  to  40  feet.  This 
was  probably  formed  when  the  tides  were  higher  than  they 
are,  and  when  the  rest  of  the  coast-line  and  beach  received 
inn  which  they  now  assume.  Shingle,  however,  still  con- 
to  move  along  the  foot  of  the  bank.  The  tidal  flood 
it  in  the  offing  of  the  bay  sets  easterly  ;  in  the  bay  it  runs 
Start  Point,  and  fjenerally  follows  the  same  direction  as 
'"♦lie  coast-line  for  about  two-thirds  of  the  distance.  The  offing 
tide,  striking  the  projection  of  Portland  Bill,  causes  a  great  dis- 
tttrbance  of  the  water  and  a  set  into  the  bay,  which,  meeting  the 
tide  coming  from  the  other  direction,  eddies  round  out  of  the  bay 
a  southerly  directiou,  as  shown  by  the  arrows  in  the  illustra- 
ti(H),Fig  23. 


The  prevailing  wind,  and  also  the  winds  that  cause  the  highest 
tides  and  largest  on-shore  waves,  are  those  fram  the  south-south- 
west, and  setting  north -north -east.  The  direction  of  the  Cheail 
Bank  is  from  north-west  to  south-east.  The  material  of  which 
the  beach  of  the  bay  b  principally  composed  is  shingle ;  this 
comes  from  the  erosion  of  the  clifl's  at  the  western  end  of  tlie 
bay.  This  shingle  travels  along  the  shoie,  fiist  following  the 
ooast-line  in  a  northerly  direction,  and  then  eastward  as  far  as 
about  Axmonth,  where  the  shingle  becomes  very  scarce,  and  in 
{diiCes  is  entirely  absent.     Some  miles  beyond  this  the  Chesil 
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Fiank  commences  It  does  not  appear  that  this  bank  materiallj 
increases  or  decreases  in  size,  but  there  is  a  movement  of  the 
Hhingle  along  it  generally  northward  and  westerly,  or  in  the 
opposite  direction  to  that  of  the  material  at  the  other  end  of 
the  bay.  The  movement  of  the  shingle  along  the  Chesil  Bank, 
and  in  the  bay  generally,  is  not  in  the  direction  of  the  prevailing 
wind,  but  varies  in  different  places,  and  follows  more  nearly  the 
Mot  of  the  flood  current.  There  is  not,  however,  a  r^olar  con- 
tinuous set  in  any  one  direction.  In  some  parts  of  the  bay, 
with  the  wind  from  south-south-west  and  with  heavy  gronnd 
nwoIIh,  the  beach  becomes  denuded;  in  others,  as  at  Sidmoutii, 
tU()  Hhin^lo  is  accumulated  with  these  winds,  the  shingle  here 
travollin^  oast  or  west,  according  to  the  direction  of  the  wind 
Nonr  Axiuouth,  the  shingle  accumulates  in  fine,  calm  weaih^, 
but  IN  oarried  away  with  southerly  winds.  At  the  east  end  of 
tho  i^hivsil  l^uk  the  largest  pebbles  are  found,  and  these  are 
tmn'iportovl  ou  to  the  beach  by  the  current,  which  sets  in  this 
^Ulvot i\\iu  At  this  part  of  the  bay  the  sea  is  the  roughest,  and 
thoiv  \H  uuiMt  \)isturl\ance  of  the  beach,  large  ridges,  at  ccmsider- 
«^M\MU')\tK  U'K^w  low  \\*ater,  advancing  towards  Uie  shore,  and 
^vt\^^^fii\^'  »^.x  ^^Uv>^  tWm  diden^t  quarters  prevaiL 

rho  ti^\x'Uu\^^  shux^t^  along  this  coast  has  formed  bars  across 
hU  0\s^  ^\\\\x  whwh  empty  into  the  bay.  The  Chesil  Bank  has 
nSv^svivIou  \\  l^vV  vv\l  ?h\^  o\i;  v\f  several  small  stn^ams^  which  collect 
\u  ;^  w  u\s^  N^^sW.wl  At  ?h<'  l\*ck.  whk4i  ru3s  parallel  with  the  bank 
\N^v  .>^U^.\^  ^on  v,v/avv  a\v,  v^^:<^^^wJk^v^'^  into  tie  si?«  at  the  eastern 
,4H>i  \^>^  \<\vA  v\i5-05  '^vsju:  ls;^A>'i^~  Saltertoc  at  the  west  side 
sv  f",^  t\%\  \\^v>  ov  a\\^:  oV  r;X'5  w^i?.  i.<  b^mja  bran  accomu- 
.^4.,v.  ,v  v^  \\^vv  A^:  i>c  Si':  -iroar  >c»iz2*:aa5L  ab»>.it  the  centre 
...  :x,^\    x>»  ^vv,.,  »,>,-. X  ^<Vv\vvN-    >Y  ;>.i  sr.jrcv*i.  lirvMx^  which  the 

t'^ ,     v*.  v\  ,v  x.>   .^v  V  >  oY  i;:^  5c  >r  5:«niii  Tp  ^essstiaries  all 
♦  '^^  .     ^,      \x      s    :K    K\\£  oxTT^fcta  n:  i»,*T*»  in  the  same 

XV  ^ "-    ».Kii  .^^    ^Ufc.r-^v  %.>*?    ':x  siv03ifc**£  siissasioos  where 

-       ^^>       jx  ^'    -  N  ,^*.wiv\    \   .1,^   ,:?W55*»  ,*c  ibiir  3i»:^T>f«ent  or 

-vv \\vvv  vv  x  ,v  N^tv^^   ,\*i^  .nc  ^iHicif  3isav  be  found 

^  '^      'v^vvv  x  Xv^xxxt    ;»\-   ^*HJi   ;c  S&«*pey  and 
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flinte  of  the  chalk  eliffii  on  the  north  of  the  Norfolk  coast. 
There  ia  also  a  large  bank  of  shingle  in  the  estuary  of  the  Ribble, 
Tttetween  Lytham  and  St.  Anne's ;  also  in  the  estuary  of  the 
Seine  at  Villerville,  where  it  is  sheltered  from  the  gales,  but 
travels  with  the  flood  current. 

Gale-s  alune  cannot  be  the  cause  of  the  existence  or  mainte- 
nance of  bars.  These  are  only  occasional,  and  their  continuance 
"is  not  long  enoufifh  to  cause  a  continuous  transport  of  materiah 
If  the  supply  of  material  depended  solely  on  causes  opei'ating  in 
stomiy  weather,  the  bar  would  diminish  in  summer,  when  fre- 
cjoently  there  is  a  long  continuance  of  calm  weather,  and  increase 
vhen  gales  are  most  prevalent.  In  the  longest  calm  bars  do  not 
disappear,  and  when  the  shore  extends  out  beyond  the  line  of 
the  bar,  it  may  remain  unaltered  even  in  stormy  weather.  As 
already  shown,  alterations  may  take  place  due  to  gales,  and  the 
l»r  be  increased  or  partly  removed,  but  after  a  time  it  returns 
to  its  norma!  condition. 

It  ia,  however,  au  undisputed  fact  that  during  gales  large 
quantities  of  material  are  disturVied  and  transported  to  fresh 
places.  An  instance  of  the  mighty  power  of  tlie  waves  in 
heaping  up  and  dispersing  material  was  quoted  by  Sir  John 
Coode  in  the  discussion  on  the  paper  on  bars  already  leferred  to, 
when  a  quantity  of  shingle,  estimated  at  63,000  tons,  was  moved 
along  the  Ohesil  Bank  in  one  night,  and  at  the  next  sjiring  tide 
45,00f)  tons  were  thrown  back  on  the  beach  again ;  and  that  in 
a  month  afterwards  7ti,000  were  removed  by  the  sea.  Another 
case,  which  occurred  in  Madras  harbour,  was  given  by  Mr. 
Thorowgood,  The  swell  of  the  sea,  owing  to  an  alteration  in 
the  direction  of  the  shore  currents  by  the  extension  of  the  rubble 
mound  put  in  for  the  foundation  pier,  in  one  single  night  com- 
pletely buried  the  mound,  which  was  in  from  3  to  4  fathoms  of 
water,  ;i  feet  deep  with  aand ;  and  on  further  examination  it  was 
found  that  frequently  on  that  coast  there  wa-s  a  movement  of  the 
sand  by  wave  action  from  the  4J-fathom  line  inwards,  the  mass 
of  sand  thus  capriciously  moved  at  one  time  being  estimated  at 
2000  tons. 

Mr.  Kinahan,  in  a  pajter  contributed  to  the  Proce&i'inrjs  of 
the  IiixtUiUion  of  Civil  Eiigineers  in  1879  (vol.  Iviii.},  on  "The 
TraTelliug  of  Sea  Beaches  on  the  South  and  East  Coaats  of 
Ireland,"  states  as  the  result  of  twenty  years'  observation,  that 
the  ordinary  wind  waves  assist  the  flood  tide  when  they  are 
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moving  in  the  same  direction ;  when  they  strike  the  beach  at  a 
right  angle,  or  nearly  so,  they  pile  up  the  shingle ;  if  coming 
in  a  more  or  less  opposite  direction,  they  cut  out  the  beach; 
ground  swells  breaking  on  the  coast-line  perpendicularly 
generate  a  back  wash  that  cuts  out  the  beach.  The  flood  tide 
runs  eastward  on  the  south  coast,  and  northward  on  the  east 
coast.  The  flood  tide  generates  three  classes  of  on-shore 
currents,  due  to  headlands  and  bays.  All  these  currents  cany 
material  along  the  beach  with  them.  With  regard  to  the  sia 
of  the  material  moved,  he  found  stranded  on  the  coast  of 
Galway,  after  a  storm,  large  blocks  of  stone  weighing  from 
2  to  3  cwt.,  which  had  travelled  through  water  more  than 
15  fathoms  deep.  As  the  tide  rose  these  blocks  drifted  towards 
the  land,  and  in  twenty-four  hours  neaiiy  the  whole  of  these 
blocks  were  collected  in  horizontal  lines.  He  also  notieed 
that  the  movement  of  large  stones  in  deep  water  was  greatly 
assisted  by  the  floating  property  of  the  seaweed  attached  to 
them. 

In  the  opinion  that  the  tidal  currents  are  the  most  effective 
agents  in  carrying  material  along  sea  beaches  in  Ireland  Er. 
Kinahan  was  supported  by  Mr.  L.  Estrange  Duffin,  in  a  paper 
read  before  the  Royal  Irish  Academy  in  1879,  in  which  he 
stated  that  his  experience  along  the  coast  of  Waterford  satisfied 
him  that  although  the  winds  often  assist  the  tides  and  hasten 
the  travel  of  the  shingle,  yet  the  tidal  current  was  the  active 
agent  in  its  transport. 

The  opinion  here  expressed,  and  the  facts  quoted,  accord 
with  those  which  have  been  arrived  at  by  engineers  in  America. 
Professor  Haupt,  in  a  paper  on  "  Littoral  Drift,"  contributed  to 
the  American  Society  of  Engineers,  said  that  a  careful  examina- 
tion of  the  coasts  of  New  Jersey  satisfied  him  that  the  flood 
tide  and  littoral  currents  were  more  effective  in  moving  drift 
than  the  prevailing  winds,  and  in  this  he  was  supported  by 
facts  brought  forward  by  other  members  of  the  society. 

Conclusion. — The  conclusions  to  be  drawn  from  the  facts 
given  in  tliis  chapter  may  be  thus  summarized. 

That  the  causes  which  operate  in  maintaining  the  existence 
of  bars  in  tidal  estuaries  are  due  to  the  sea,  and  not  to  the 
inland  waters. 

That  their  existence  depends  on  a  struggle  between  the 
waves  and  the  littoral  currents  engaged  in  depositing  material 
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the  mouth  of  the  outfall  channel,  ami  of  the  ebb  current 
lOving  the  same. 

designing  works  for  the  removal  of  bars  and  the 
ition  of  their  re- formation,  the  object  sought  should  be 
mgthen  the  ebb  current,  so  that  it  may  prevail  over  the 
to  push  out  the  line  of  travel  of  material  along  the  shoje 
that   it   crosses  the  outfall   in  deep  water,  and   where 
\  strength  of    the   littoral   current   is   sufficient   to  prevent 
carried  into  the  channel  by  the  flood  tide ;  to  increase 
1  of  water  at  the  outfall  so  as  to  neutralize  the  action 
)re  gales  and  breaking  waves ;  that  piers  carried  out 
rcting  the  current  should  be  so  placed  as  to  pi-oduce  the 
t  effect  from  the  tidal  scour, 
laws  to  be  observed  for  developing  the  propagation  of 
'"tt*  tidal  wave,  and  the  form  to  be  given  to  the  channel   for 
increasing  to   the   fullest   extent   the   scouring   action   of    the 
Cttirents,  are   dealt  with  in  the  chaptera  on  "Principles  of  Im- 
provement and  Training." 

That  the  movement  of  littoral  drift  is  in  the  direction  of  the 
current  of  the  flood  tide,  and  that  this  action  is  aided  by  those 
(m-shore  gales  which  have  the  eflfect  of  raising  the  highest 
tid^i. 

■'  Bars  at  the  Mouths  of  Tidal  Rivers,"  W.  H.  Wheeler.  Mi-n. 
I'roc.  I.C.K.  vol  c;  "Tidal  Rivers,"  by  Capt  Calver,  1853; 
"  The  Improvement  of  Tidal  Rivers,"  W.  A  Brookes,  l»tl  ; 
"River  Engineering,"  D.  Stevenson,  1872;  "River  Bars,"  J.  T. 
Mann,  London,  1881 ;  "The  Motion  of  Shingle  Beaches,"  H.  R. 
Palmer,  P/tU.  Trann.  Royal  Society,  1834;  "Description  of  the 
Chesil  Bank,"  J.  Coode,  Proi\  I.C.E.,  vol.  xii.,  1853;  "The 
Origin  of  the  Chesil  Bank,"  J.  Prestwitch,  Proc.  Inst.  C.E., 
voL  xi.,  1875;  "Groynes  and  Coast  Erosion,"  Pickwell,  Proc. 
I.C.E.,  vol  U. ;  "  The  Travelling  of  Sea  Beaches  on  the  South 
•ad  East  Coasts  of  Ireland,"  Kinahan,  Proc.  I.C.E.,  vol.  Iviii., 
1879 ;  "  Report  of  Committee  of  British  Association  on  Coast 
Erosion,"  1884 ;  "  Littoral  Movement  of  the  Now  Jersey  Coast,'' 
L.  M,  Haupt,  Triiiis.  American  Society  G.E.,  vol.  xxiiL,  1890. 


CHAPTER  VIIL 

PRINCIPLES  TO  BE  OBSERVED  IN  DCPROVINQ  TIDAL  RIYESS. 

The  physical  characteristics  of  every  tidal  river  vary.  It  is, 
therefore,  impossible  to  lay  down  a  complete  code  of  rules  whiek 
shall  strictly  apply  to  all  rivers,  or  to  expect  that  works  which 
have  been  successful  in  one  river  may  be  applied  without 
modification  to  another  with  equal  success.  There  are,  how- 
ever, certain  principles  and  results  gained  by  experience  whidi 
apply  to  all  rivers.  It  is  essential  that  a  knowledge  of  these 
shall  be  acquired  before  any  attempt  is  made  to  interfere  with 
tidal  channels.  Having  first  acquired  a  complete  knowledge  of 
the  tidal  and  other  conditions  of  the  river  to  be  improved,  an 
intelligent  application  of  those  principles  of  action  acknowledged 
to  be  correct  will  afibrd  the  surest  guarantee  of  success. 

Of  the  subjects  on  which  there  is  a  diversity  of  opinion,  an 
engineer  must  form  his  own  judgment  from  a  study  of  the  fiEu:ts 
and  results  obtained  from  works  already  carried  out. 

The  best  means  of  improving  the  outfall  of  a  tidal  river 
through  an  estuary  is  a  subject  on  which  no  attempt  should 
ever  be  made  to  dogmatize.  Schemes,  however  well  considered* 
should  only  be  regarded  as  tentative,  and  the  results  carefully 
noted  as  the  work  goes  on,  and  such  modifications  made  as  the 
results  obtained  dictate. 

Principles  to  be  Observed  in  Improving  Rivers. — The  primary 
object  to  be  obtained  in  dealing  with  a  tidal  river  is  to  improve 
its  facilities  for  navigation.  This  can  be  accomplished  by 
removing  shoals  and  obstructions,  and  thereby  increasing  the 
depth  of  the  water ;  by  easing  sharp  bends  and  regulating  the 
width  of  the  channel;  and  by  increasing  the  duration  of 
the  time  during  which  the  river  can  be  used  for  navigation. 

The  main  principles  to  be  observed  in  designing  works  for 
eSecting  these  objects  are — 
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1.  Tbat  the  conditions  under  which  the  river  exists  should 
e  maintained  as  far  as  practicable,  the  natural  forces  in  opera- 
ion  being  controlled  and  directed  to  the  best  advantage. 

2.  Tbat  all  schemes  for  improving  or  altering  channels 
tiould  be  designed  in  accordance  with  the  laws  of  nature  as 
efined  by  science. 

3.  That  the  river  Eind  its  estuary  should  be  considered  in  its 
ntirety,  and  that  no  works  for  local  improvement  should  be 
indertaken  without  due  consideration  being  given  to  their  effect 
u  other  parts  of  the  system. 

4.  That  the  aim  should  be  directed  to  obtaining  a  general 
niance  of  all  tlie  forces  in  operation,  so  as  not  to  give  an  undue 
■reponderance  to  any  one ;  and  to  establish  such  a  state  of 
table  equilibrium  as  will  conduce  to  a  permanence  of  the 
esults  obtained. 

5.  That,  while  the  low-water  channel  should  be  maintained 
it  a  width  Buflicieut  for  the  discharge  of  the  land  water  in 
[ooda,  it  should  not  be  too  wide  to  prevent  the  greatest  effect 
■eiog  obtained  from  the  scour;  that  there  should  be  ample 
ridth  for  the  navigation  and  for  the  lateral  extension  of  the 
idal  flow ;  and  that  the  estuary  should  be  conserved  as  a 
Bceptacle  for  the  tidal  water,  so  far  as  such  water  acts  as  a 
ieder  to  an<l  assists  in  maintaining  the  main  navigable  channel. 

6.  Tbat  the  tidal  wave  should  be  propagated  to  the  furthest 
tmit  practicable  in  one  deep  uniform  channel,  in  which  the  tidal 
rater  is  made  to  concentrate  its  energy  to  the  fullest  extent. 

7.  That  there  should  bo  a  free  entrance  for  the  tidal  wave 
rom  the  sea ;  and  that  the  waterway  should  uniformly  diminish 
a  width  from  the  mouth ;  and  that  the  direction  of  the  channel 
honld  assume  the  form  from  which  the  best  results  can  be 
btained. 

8u  That  when  the  natural  conditions  of  a  river  do  not  afford 
sfficient  depth  for  its  navigation,  or  when  the  channel  is 
4>8trnctetl  by  bends  and  contractions  of  varying  widths,  it 
bould  be  deepened  by  mechauical  means,  and  regulated  by 
raining  and  the  removal  of  abrupt  bends. 

The  Commission  of  Engineers  appointed  by  the  Dutch 
iovemment  to  repoi-t  on  the  various  schemes  which  had  been 
ropoeed  for  the  improvement  of  the  river  Maas,  laid  down,  as  a 
Peliminarj'  to  their  report,  the  following  principles  as  applying 
(rivers: — 
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1.  That  theory  and  experience  liave  taught,  and  the  evideoM 
brought  before  the  commission  cunBrms,  that  the  most  infiuentul 
agent  in  maintaining  the  depth  of  navigable  channels  is  to  W 
found  in  the  velocity  with  which  the  water  moves  tbi-ouph  the 
channel  When  the  velocity  and  volume  of  water  are  insutEcient 
to  maintain  a  section  adequate  to  the  needs  of  commerce,  the 
end  can  only  be  attained  by  dredging. 

2.  The  incessant  action  of  the  tides  and  waves  maintains  in 
constant  motion  the  sands  along  the  coast,  establishing  a  slope 
on  the  coast  of  Holland  of  from  250  to  140  to  1, 

3.  The  drainage  water  which  flows  out  of  the  river  on  the 
part  of  the  coast  under  consideration  is  inadequate  to  maintain 
a  channel  through  this  slope  of  the  shore.  It  is,  therefore,  to 
the  action  of  the  tides  that  the  maintenance  of  depths  at  the 
mouths  of  tlie  rivers  is  to  be  attributed. 

4.  The  total  effect  depends  upon  the  velocity  and  volume, 
both  increase  with  the  tide  range,  that  is,  with  the  diffei 
between  high  and  low  water.     Where  the  tide  range  is 
small,  as  in  the  Zuyder  Zee,  the  Mediterranean  and  other 
it  i.i  found  that  the  drainage  watci's  alone  are  inadequate 
maintain  a  navigable  depth  of  channel. 

5.  The  tidal  range  cannot  be  increased,  but  the  direction 
form  of  entrance  into  the  sea  may  he  regulated,  and  the  hrea«lt 
limited  in  due  proportion  to  the  volume,  and  thus  the  depth 
may  be  increased. 

6.  That  the  outlets  of  the  rivers  on  this  part  of  the  coast  mtfl 
the  North  Sea  have  all  a  curve  to  the  .southward  (the  directioD 
from  which  the  flood  tide  comes),  whereby  they  better  intercept 
the  tidal  current  flowing  across  the  channel. 

7.  Rivers  do  not  discharge  the  same  volume  through  every 
section,  but  the  nearer  the  sea  the  greater  the  volume.  Hence 
to  maintain  an  equal  depth  the  width  must  be  greatest  at  the 
outlet,  diminishing  funnel-wise  in  ascending. 

8.  The  further  up  the  channel  the  tide  can  be  enticed,  the 
more  powerful  will  be  the  downwai-d  flow  of  the  ebb. 

The  following  is  an  abstract  of  the  views  which  were  adopted 
in  the  section  on  tidal  rivers  at  the  International  Congress  \& 
Inland  Navigation  held  at  Paris  in  18'Jl  :— 

1.  That,  the  size  and  depth  of  a  tidal  river  being  mainly  doe 
to  the  tidal  flow,  any  works  which  increase  its  volume  and 
extend  its  influence,  such  as  the  removal  of  obstiuctions,  dredging 
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haxA  shoals,  and  the  loweriog^  of  th«  low-water  line  by  dcepeui^ 
tbe  cbannel.  effect  an  improTemeot  in  the  river  for  navigatiaai  : 
whilst  any  works  which  restrict  the  tidal  influx,  even  I" 
producing  a  local  deepening;  by  scoar,  are  liable,  unlcGa  i 
«xeeptioiiai  conditions,  to  injure  tbe  general  navigable  capatulities 
of  a  tidal  river. 

2.  The  rc^'ulation  of  the  banks  of  tidal  rivers,  so  as  to  remove 
abrupt  variations  in  width,  equalizes  the  tidal  flow,  reduces 
accretion,  and  facilitates  the  tidal  influx, and  therefore  constitute? 
Ml  important  raeAns  of  improvement,  even  if  accompanied  by  a 
(light  reduction  of  tidal  capacity  at  certain  parts  by  the  obliteni- 
fein  of  indents,  which  is  generally  more  than  compeasat4.>d  for 
by  the  improved  scour,  and  consequent  lowering  of  the  low-wat«r 
line,  especially  if  accompanied  by  the  removal  of  shoals. 

3.  The  extent  of  the  filling  basin  necessary  for  the  maintenance 
of  rivers  and  of  their  months  depends  more  on  the  methodical 
And  rational  layincf  out  of  the  sections  and  widths  rather  than 
OS  the  lateral  reservoirs,  which  sometimes  present  grave 
inconveniences,  and  which  ought  only  to  be  constructed  in 
special  cases. 

4.  Dredging  fumifihes  a  most  valuable  method  of  deepening 
ft  tidal  river,  which  may  be  carried  far  beyond  the  limits  of 
natural  scour  if  the  trade  of  a  river  port  justifies  a  large 
expenditure;  and  a  small  river  may  be  thus  converted  into  a 
waterway  accessible  by  large  vessels  at  all  states  of  the  tide,  of 
which  the  Clyde  foi-ms  a  notable  instance,  Farthermore,  by 
meaos  of  this  dredging,  the  facilitating  of  the  transmission  of 
tides  and  the  increase  in  the  flood  and  ebb  are  eflected,  to  the 
improvement  of  the  mouth.  By  means  of  the  improvements 
which  dredging  has  received  in  recent  years,  the  scope  of  this 
kind  of  improvement  has  become  greatly  enlarged. 

Captain  Calver,  in  his  treatise  on  tidal  rivers,  lays  down 
the  following  law,"?  as  applying  to  works  carried  out  for  the 
eonservation  or  improvement  of  tidal  channels: — 

1.  That  the  navigable  condition  of  the  outlet  of  a  tidal  river 
ean  only  be  maintained  by  tidal  water,  and  that  its  extent  as  to 
sectional  capacity  will  be  proportioned  to  the  amount  admitted. 

2.  That  a  fresh-water  stream  is  powerless  to  maintain  a  sea 
outlet  and  to  keep  down  a  bar. 

3.  That  every  portion  of  the  tidal  expanse  has  a  value 
peculiar  to  itself,  inasmuch  as  it  is  continually  operative.     That 
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any  reduction  of  the  tidal  capacity  is  wholly  agaiast  experiencf,  I 
and  is  opposed  to  true  theory  and  successful  practice.  1 

4.  That  the  supply  of  material  which  encumbers  the  outfil)  | 
of  tidal  rivers  is  from  the  interior,  and  not  from  the  sea;  ind  j 
that  the  strength  of  the  ebb  to  discharge  it  is  greater  than  thit  j 
of  the  flood  to  return  it.  I 

5.  That  the  system  of  improving  a  river  by  loogitudintl] 
training  walls  is  the  realization  of  the  best  possible  navigAUel 
condition  of  a  river  without  the  sacrifice  of  ttdal  volume.  I 

6.  That  dredging  as  a  system  is  an  error  in  principle,  beingj 
an  attack  upon  the  etl'ect  rather  than  the  cause;  but  i»  valoaUai 
as  an  adjunct  to  training  in  preventing  the  soil  from  bai^' 
scoured  from  the  shallower  into  the  deeper  portions  of  Un 
navigation,  and  in  breaking  up  the  crust  of  the  bed  when  it  11 
sufficiently  indurated  to  resist  the  improved  energy  of  the  correni 

7.  That  straight  reaches  should  be  avoided,  as  the  deep-waUr 
track  in  a  straight  reach,  being  liable  to  be  acted  on  by  sU^ 
causes,  will  be  apt  to  range  from  side  to  side,  and  thus  become 
a  source  of  derangement  to  the  permanency  of  the  deep  water. 

8.  Tliat  in  carrying  out  improvements  the  high-water  leipfl 
is  to  be  accepted  as  a  nearly  fixed  point,  not  to  be  materially 
influenced  by  river  works.  Tliat  the  depression  of  the  low-? 
level  is  all  important  aa  ensuring  an  increase  in  the  ttdll 
duration,  and  of  the  tidal  quantity,  and  of  the  navigable  deptL 
That  the  improvement  of  the  tidal  propagation  is  a  test  of  the 
improvement  of  the  tidal  compartment, 

9.  That  all  improvements  should  begin  in  the  lower  reachel 
of  a  river  or  estuary. 

The  principles  to  be  observed  in  improving  tidal  rivers 
here  given  present  very  little  variation,  and  may  be  taken 
fairly  representing  the  opinions  of  the  engineers  of  this  countiyi 
in  France,  Holland,  and  Germany, 

Preservation  of  Natural  ConditionB. — With  regard  to  the  tint' 
law  laid  down,  that  the  existing  character  of  a  river  should  ba 
maintained  as  fai-  as  possible,  it  will  be  found  that  in  many 
a  due  regard  to  the  circumstances  under  which  a  tidal  riW' 
exists,  with  a  view  to  improving  and  directing  the  tidal  flow 
along  the  existing  course,  will  conduce  to  better  results  at  veij 
considerably  less  cost,  than  by  a  disregard  of  these  conditioM 
and  the  cutting  of  new  straight  channels.  The  construction  ol 
such  new  cuts  has  frequently  resulted  in  an  alteration  of  tha 
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conditions  in  a  manner  never  anticipated,  and  affecting  tbi 
of  the  tidal  water  in  the  lower  reaches  and  on  the  bar,  or 
iw  of  the  tidal  wave  to  an  extent  that  has  detracted  from 
provements  otherwise  effected. 

like  manner  local  improvements,  carried  out  without  a 
coDsidcration  of  their  effect,  have  led  to  results  which  have 
dnmaged  other  parts  of  the  river.  No  one  part  of  a  tidal  river 
<ian  lie  modiHed  without  a  reaction  more  or  les,s  strong  on  the 
other  part^  As  much  as  possible,  improvements  affecting  different 
parts  of  a  river  should  be  carried  out  simultaneously,  so  that  their 
^f^ts  may  hatance  each  other,  and  a  new  condition  of  stable 
tt<|iiilibrium  be  established. 

It  is  equally  essential  that  the  result  of  bringing  into  active 
<»peration  any  particular  force  should  be  well  considered  in  its 
relation  to  other  effects,  so  that  a  proper  balance  of  forces  be 
MimntAJned.  For  example,  the  velocity  may  be  so  increased  as 
"ta  erode  and  deepen  the  bed  of  the  channel,  and  be  so  great  as  to 
away  the  detritus ;  but  this  increased  velocity  may  be  the 
of  its  own  destruction  by  unduly  increasing  the  size  of 
channel.  This  excess  of  velocity  may  also  prove  of  great 
Jnoonvenience  to  the  navigation.  On  the  other  hand,  by 
decking  or  retarding  the  tidal  flow,  or  by  diverting  the  land 
water,  the  scour  may  become  .so  weak  that  deposit  will  take 
place  in  the  channel,  or  a  bar  be  formed  at  the  mouth  of  the 
river.  A  channel  may  be  laid  out,  in  the  interests  of  the 
navi^tion,  of  a  great  width,  but  out  of  proportion  to  the  fresh- 
water ebb  and  the  tidal  rise  and  run,  in  which  case  it  will  be 
difficult  to  maintain  the  depth  reijuired. 

The  material  of  which  the  channel  is  composed  must  also  be 
considered.  Soils  of  a  tenacious  character  will  resist  the  impact 
of  the  water  moving  at  a  velocity  that  would  erode  those  of  a 
leas  tenacious  consistency,  and  unless  expensive  works  of  pro- 
tection are  resorted  to,  the  velocity  must  be  proportioned  to  the 
tenacity  of  the  soil.  The  amount  of  slope  to  be  given  to  a  bank 
ts  also  regulated  by  the  same  considerations. 

The  bends  and  pools  found  in  all  uatunil  rivers  are  simply 
the  result  of  contending  forces  acting  either  horizontally  or  ver- 
tically. Where  the  course  of  a  river  remains  stable,  it  shows 
that,  by  an  enlargement  of  the  sectional  area  at  any  given 
place,  the  velocity  has  become  sufficiently  checked  to  prevent 
erasimi,  or  that  the  tenacity  of  the  soil  is  equal  to  sustaining  the 
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impact  of  the  water  and  its  force,  and  that  thus  the  re^men  ctf 
the  river  has  become  established. 

So,  in  carrying  out  wuiks  for  the  improvement  of  chan 
in  sandy  estuaries,  it  will  be  found  much  less  costly  and  mod 
effective  to  direct  and  develop  the  one  main  low-water  chan 
than  to  attempt  to  make  a  straight  channel  in  a  new  directJa 
by  ti-ainiug  .regardless  of  existing  circumstances.  Ht 
unstable  channels  in  sandy  estuaries  may  be,  a  careful  exi 
tion  of  the  circumstances  will  show  that  there  is  one  coium  i 
which  the  deepest  water  is  maintained,  and  in  which  the  chuuM 
is  most  stable.  By  coaxing  the  whole  of  the  ebb  and  tioo 
into  this  channel,  by  blocking  up  subsidiary  channclH,  and  b 
assisting  the  scour  by  deepening  the  shoal  places,  and  tin 
concentrating  the  full  effect  of  the  tidal  current  in  one  court 
a  good  navigable  channel  may  be  obtained  at  a  comparative 
small  cost ;  whereas  by  attempting  to  drive  a  channel  throu| 
sands  in  a  direction  which  nature  has  not  selected  will  be  fc 
costly  to  cany  out  and  ditticult  to  maintain.  The  stabilityi 
channels  in  sandy  estuaries,  through  which  the  force  of  the  fl 
tide  permanently  acta  in  one  course,  and  which  are  undisturbt 
by  the  action  of  land  freshets,  is  evidenced  by  the  f 
"  blind  channels "  which  are  to  be  fouud  in  nearly  all  lat 
sandy  estuaries.  These  low-water  channels  have  their  greafa 
width  at  the  lower  end,  and  gradually  converge  upwai-ds,  ai 
often  have  a  straightcr  coiirse  and  deeper  water  than  the  mi 
stream  through  which  the  upland  water  passes  to  sea.  In  soi 
cases  they  are  only  separated  from  this  stream  by  a  shallow  b 
but  in  others  are  blind  channels  terminating  at  their  upper  en 
in  the  sandbeds  which  dry  at  low  water.  These  channels  al 
afford  proof  of  the  ability  of  the  tidal  water  alone  to  maintain 
channel  when  neither  injured  nor  aided  by  the  upland  watg 
The  erosive  action  of  the  flood  tide  is  the  sole  agent  of  th<i 
maintenance. 

Inland  Waters. — Although  the  tidal  water  is  the  prindpj 
agent  in  maintaining  rivers  and  adapting  them  for  the  purposeal 
navigation,  yet  the  inland  water  coming  down  the  river  dea 
consideration,  and  its  discharge  must  be  provided  for.  Tl 
water  coming  off  the  land  is  a  valuable  agent  in  scouring  fti 
maintaining  the  channel  of  the  river  above  the  inHuenee  of  ti 
tide,  and  in  assisting  in  transporting  out  of  the  channel  materia 
which   otherwise  would  remain   and   contract  its  area. 
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irorks  in  the  tidal  portion  that  restrict  the  fresh-w&ter  discharge 
irill  lead  to  land  floods  and  serious  damage  and  loss  to  property. 
rhe  increase  of  the  sectional  area  of  a  tidal  river,  the  deepening 
»f  the  bed  and  the  lowering  of  the  low-water  line,  although 
Ulowing  the  tide  to  extend  further  up  the  river,  is  a  direct 
advantage  in  the  prevention  of  floods.  If  the  section  of  a  non- 
tidal  river  be  made  sufficiently  large  to  carry  off  the  water  in 
Dccasional  heavy  floods,  the  velocity  of  the  water  will  be  so 
weakened  during  the  ordinary  flow  that  it  will  not  be  able  to 
carry  away  the  detritus  washed  down  the  river,  and  the  channel 
will  become  again  shoaled,  and  continue  to  shoal  until  the 
ori^nal  diminished  section  be  again  attained.  Where,  however, 
the  enlarged  section  becomes  tilled  daily  with  tidal  water,  the 
eiHitinu&l  ebb  and  flow  will  prevent  accretion.  In  floods  this 
larger  section  will  provide  for  the  increased  volume  of  fresh 
water,  only  excluding  for  the  time  a  like  amount  of  tidal  water, 
and  the  channel  will  thus  automatically  ailjust  itself  to  the 
varying  conditions  of  the  river. 

The  drainage  water  coming  down  a  river  ia  suSicient.  if  aided 
by  the  tidal  oscillation,  to  keep  a  well-trained  river  free  and 
clear  from  deposit,  however  wide  or  deep.  The  quantity,  how- 
taver,  is  limited,  and  cannot  be  increased,  and  in  dr^'  iveather 
(recedes  within  very  small  limits.  It  is,  therefore,  undesirable  to 
overload  it,  or  to  allow  the  channel  to  be  encumbered  with 
'Unoeceasary  material,  wliether  due  to  shifting  sands,  the  erosion 
of  banks,  or  the  detritus  and  other  matter  contained  in  sewage 
poured  in  from  towns,  or  refuse  from  manufactories. 

Mr.  Brown,  in  a  paper  (Fmc.  Itisf.  C.E.,  voL  Isvi,)  on  the 
"  Relative  Value  of  Tidal  and  Upland  Water,"  contended  that  the 
SCOOT  and  maintenance  of  rivers  are  due  mainlj',  if  not  entirely, 
to  the  inland  water,  and  that  the  silt  which  tends  to  choke  up 
tidal  channels  is  almost  wholly  due  to  the  tidal,  and  not  to  the 
.fresh  water;  and  endeavoured  to  show  that  the  tidal  water 
brings  up  more  silt  on  the  flood  than  it  takes  out  on  the  ebb. 
If  this  contention  is  limited  to  the  transport  of  material  out 
of  a  wide  estuary  into  a  narrow  tidal  channel,  in  which  there  is  a 
restricted  tidal  run  accompanied  by  a  deficiency  of  inland  water, 
:tba  contention  is  no  doubt  to  a  certain  extent  correct,  as  shown 
by  the  facts  recorded  in  the  previous  chapter.  The  river  Avon, 
from  which  the  ohservations  were  obtained  on  wliich  the  above 
was  based,  complies  with   these  conditions.      The  tidal 
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range  of  this  river  bos  been  partially  stopped  by  a  dam  pUetd 
across  the  river  at  Netham.  above  Bristol,  wbich  tends  to  tin 
deposit  of  tbe  material  in  suspensioD   in  the  tidal  water,  \ 
which,  in  the  absence  of  freshets,  accumulates  in  the  bed  ud 
the   sides  of  the   channel.     This   is   scoured   out   again  wb« 
freshets  occur,      The  inference  that  the  author  drew,  ihtt 
material  comes  entirely  from  the  sea,  because  the  wat«r  in  Dm 
Severn  is  clear  at  Worcester  and  muddy  at  the  mouth  ol  lU 
Avon,  cannot  be  substantiated,  as  the  water  in  the  lower  put 
uf  the   Bmtol   Channel   is   brighter  and  clearer  than  it  is  t 
Worcester. 

There  can  be  no  dispute  that  the  upland  currents  bring  do« 
with  them  a  large  amount  of  detritus;  that  this  remains,  i& 
river  like  the  Avon,  in  a  state  of  oscillation,  or  at  certain 
a  portion  becomes  deposited,  to  be  again  put  in  motion 
carried  down  the  river,  and  finally  carried  out  to  sea  whoi 
heavy  freshets  come. 

Mr.  Stevenson  says  that,  so  far  as  his  experience  goes, 
detritus  brought  down  by  the  fresh  water  is  more  to  be  fei 
in  a  tidal  river  than  that  carried  by  the  sea. 

In  fact,  it  may  be  said  that  upland  water  contaius  in  il 
both  an  evil  and  a  remedy ;  that  the  cunents  it  creates,  n 
acting  as  agents  for  transporting  material  into  the  channel, 
operate  in  cleai'ing  it  and  maintaining  its  depth. 

For  the  purpose  of  removing  material  out  of  a  newly 

\    channel,  too  much  reliance  should  not  be  placed  on  the  scour 

']    be  derived  from  the  tidal  How,  however  laige  the  volume  may 

The  tidal  How  is  due  to  an  oscillation,  only  the  same  quanti 

of  water  passing  out  of  a  river  as  flowed  into  it.     Blatter 

suspension  becomes  diffused  amongst  this  volume,  and  ia 

f  carried  away  out  to  sea.     Sand  and  detritus  too  heavy  to  n 

\     in  suspension  is  rolled  backwards  and  forwards  by  the  oscillati 

current,  graibially  but  slowly  moving  downwards  and  out  to 

\\'hen,  however,  the  ebb  tidal  current  is  reinforced  by  i: 

water,  especially  in  heavy  freshets,  the  travel  seawards  " 

much  more  rapid,  and  the  scouring  and  deepening  of  the  chaa 

more  effective. 

The  inland  water  is  therefore  a  valuable  aid  in  the  deepen 
and  maintenance  of  newly  trained  tidal  channels. 

There  is  also  a  point  in  tidal  rivers,  at  the  meeting  of 
tidal  and  land  water,  where  the  energy  of  the  flood  tide 
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J^t  this  point,  varying  from  time  to  time,  there  is  a  tendency 
§0^  material  rolled  along  the  bottom  by  the  tloo<l  tide  to  remain 
^nd  cause  a  sboal.  In  some  rivers,  even  if  there  is  a  free  tidal 
yOD,  but  where  the  supply  of  inland  water  falls  off  very  much 
in  dry  weather,  shoala  will  accumulate  to  a  sufficient  height 
feo  impede  the  navigation  of  the  higher  reaches  of  the  river. 
In  this  case  the  inland  water  due  to  rain  ia  a  valuable  ^ent 
in  removing  such  tihoals  and  in  preventing  theii'  becoming 
liemianciit. 

The  diversion  of  the  inland  water  due  to  its  drainage  area 
Irom  a  tidal  river,  and  sending  it  to  aea  by  some  other  course, 
^rill  invariably  prove  detriuiental  to  the  maintenance  of  the 
tffa&nnel.  River  channels  by  natural  causes  have  adapted  them-  L^ 
aelves  to  the  discharge  of  a  certain  volume  of  water,  varying  in  1 
•ivantitj-  at  times,  but  retaining  normal  conditions.  By  abstract- 
ixig  any  material  jwrtion  of  this  water  the  balance  of  forces  i.s 
disturbed,  and  the  rifgime  of  the  river  destroyed.  Several 
instances  could  be  quoted  where  the  diversion  of  the  water  from 
sfjs  original  channel  to  another  has  led  to  the  shoaling  of  the 
outfall  and  of  the  channel. 

In  the  river  Somnie,  the  upland  water  was  diverted  above 
..Abbeville  and  discharged  into  a  new  cutting  made  for  a  canal. 
After  this  was  done  the  sand  accumulated  in  the  river-bed,  and 
^o  a  great  extent  tilled  it  up,  so  that  lighters  ih-awing  3  feet 
«oald  hardly  get  up  the  river  to  the  village  of  Grand  Port, 
S  miles  above  St.  Valery. 

The  river  Stour,  on  the  southeast  coast,  so  doubles  round  in 
its  course  that  at  one  point  there  is  only  about  a  mile  across  the 
Jaod,  the  distance  by  the  water  being  eleven  milca  The 
authorities  interested  in  the  drainage  made  a  cut  across  this 
bend  for  the  purpose  of  discharging  the  water  in  freshets.  The 
eonset^uence  has  been  that  the  deposit  accumulates  much  more 
npidly  than  formerly,  to  the  injury  of  the  navigation  up 
to  Sandwich,  and  the  channel  has  to  be  continually  dredged 
oat. 

Propa^tiott  of  the  Tidal  Wave. — One  of  the  most  important 
objects  to  be  kept  in  view  in  designing  works  for  the  improve- 
ment of  a  tidal  river  is  that  the  tidal  wave  shall  be  developed 
.  to  the  fullest  extent. 

Improvements  which  are  beneficial  to  the  navigation  are  also 
BceeMuy  for  a  free  entrauco  and  run  of  the  tidal  water. 
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The  tidal  wave  can  only  be  propagated  to  the  fullest  advan- 
tage in  a  deep  channel. 

The  deepening  of  a  tidal  channel  is  not  only  of  advantage  \» 
the  navigation,  in  affording  accommodation  for  vessels  of  lai]gv 
burden  and  deeper  draught,  but  it  hastens  and  prolongs  (lie 
time  of  tide,  and  allows  the  greatest  advantage  to  be  obtained 
from  the  tidal  range.  The  removal  of  shoals  and  lowering  tk 
bed  of  a  river  also  allows  the  tidal  water  a  longer  range,  and 
provides  a  larger  volume  of  ascending  and  descending  water, 
which  operates  twice  every  day  in  scouring  and  maintaining 
the  channel  It  has  been  truly  remarked  by  M.  Mengin,  ia 
his  memoirs  on  "Tidal  Rivers,''  that  health,  like  disease,  engenden 
itself,  and  that  the  depth  of  a  river  may  be  regarded  as  iti 
health. 

The  free  propagation  of  the  tidal  wave  depends  much  moie 
on  the  depth  and  absence  of  obstruction  to  the  flow  than  to 
width  or  sectional  area. 

The  more  vertical  the  sides  of  a  channel  are,  the  more  fevoiff" 
able  they  are  to  the  transit  of  the  tidal  wave.     Mr.  Scott-RnsaeL  \ 
in  the  experiments  made  on  wave  action,  found  the  velocity  of* 
wave  was  considerably  greater  in  a  channel  with  vertical  sidee 
than  in  one  in  which  they  were  shelving. 

Mr.  Stevenson,  in  his  work  on  "  River  Engineering,"  has  laid 
down  the  following  axioms  with  regard  to  tidal  propagation : 

1.  That  decrease  of  the  low- water  slope  of  a  river  is  followed 
by  an  acceleration  of  the  rate  of  propagation  of  the  tidal  wava 

2.  That  the  rate  of  propagation  does  not  bear  a  constant 
relation  to  the  amount  of  slope,  although  to  some  extent  modified 
by  it. 

3.  The  rate  of  propagation  is  due  to  depth,  influenced  by  the 
slope  of  the  surface,  form  of  channel,  and  obstructions. 

4.  One  of  the  first  results  of  training,  dredging,  and  improving 
a  tidal  channel  is  a  depression  of  the  low- water  line  in  the  upper 
reaches,  and  of  the  surface  inclination  of  the  water  throughout 
This,  while  of  great  service  to  the  land-draining  by  the  river  and 
in  the  prevention  of  floods,  is  also  generally  beneficial  to  the 
river,  and  particularly  in  the  outfall  and  lower  reaches,  by  in- 
creasing the  quantity  of  tidal  water  which  passes  up  and  down 
the  river.  The  amount  of  the  depression  of  the  low-water  level 
in  the  upper  reaches  of  a  river,  consequent  on  improvements,  may 
be  taken  as  a  sure  indication  of  benefit  conferred. 
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The  benefit  derived  from  removal  of  shoals  uxtendiog 
^■p  the  channel  by  dredging  is  greater  than  in  proportion  to 
^^■ifcic  contents  of  the  material  removed,  as  these  shoals  act 
^Bdc  weirs,  holding  up  the  low-watei-  line ;  the  quantity  of 
w^onal  tidal  water  is  therefore  that  due  to  the  wedge-shaped 
action  of  the  depressed  low-water  line,  in  addition  to  the 
|1iant]ty  due  to  the  solid  material  taken  out. 

These  axioms  appear  to  the  author  to  convey  a  sound  defini- 
ioii  of  the  results  due  to  tidal  propagation. 

Tho  distinction  between  the  velocity  of  the  tidal  current  and 
fte  rate  at  which  the  tidal  wave  is  propagated  in  a  river  is  dealt 
nth  in  the  chapter  on  the  "  Tides,"  and  it  is  there  shown  that, 
rliile  the  current  may  only  run  at  a  velocity  of  two  or  three 
Biles  an  hour,  the  tidal  wave  may  be  propagated  at  the  rate  of 

0  or  30  mites  an  hour  where  the  depth  of  water  in  the  river  is 
iflicient. 

The  velocity  of  propagation  in  the  open  sea  is  proportionate 
>  the  square  root  of  the  depth,  but  there  are  so  many  circum- 
lances  affecting  the  flow  of  the  tide  in  the  confined  channel  of 
iriver  that  this  rule  cannot  be  taken  as  applying  to  rivers 
enerally. 

From  the  tables  given  in  the  chapter  on  "  Tides,"  the  inference 
lay  be  drawn  that  approximately  the  rate  of  the  foot  of  the  tide 

1  rivers  varies  as  the  depth,  each  foot  of  depth  of  water  giving 
rate  of  progress  of  the  foot  of  the  tide  of  one  mile  an  hour. 
>t  the  head  of  the  tide,  the  rate  of  the  propagation  follows  more 
early  the  law  which  governs  the  motion  of  the  tidal  wave  in 
te  ocean. 

The  effect  of  shallow  water,  although  retarding  the  first  flow 
'  the  tide,  does  not  mnch  affect  the  level  of  high  water.  In  a 
vcr  having  a  steep  slope  with  shallow  water,  the  total  time 
r  flow  is  diminished,  and  the  total  quantity  of  water  flowing  up 
Id  down  is  diminished.  The  wave-action  under  such  circum- 
Ukoes  is  lost,  and  the  tide,  instead  of  i:)eing  properly  jtropagated, 
roes  its  current  up  the  slope  of  the  bed  of  the  river.  The 
omentum  is  thus  rapidly  absorbed,  and  in  consequence  the 
ial  run  is  shortened  and  its  influence  lost. 

The  appeai-ance  of  bores  in  shallow  rivers  is  an  evidence  of 
e  disadvantage  of  the  want  of  depth.  In  rivers  in  which  bores 
car,  they  become  much  modified  or  entirely  disappear  when  the 
ptb  of  water  in  the  channel  is  increased  l>y  freshets.     Under 


i8o  TIDAL   RIVERS. 

the  same  circumstances,  also,  the  velocity  of  the  propagation  of 
the  tidal  wave  is  increased.  Thus,  on  the  Severn,  Admiral 
Beechey  found  that  the  advance  of  the  tidal  wave  increased  from 
4  to  10  miles  an  hour  when  the  river  was  under  the  influenoe 
of  freshets. 

In  rivers  of  great  depth,  like  the  Mississippi  or  the  Amazon, 
although  the  rise  of  the  tide  is  small,  yet  its  influence  is  felt  for 
several  hundreds  of  miles  up  the  channel ;  whereas  in  shallow 
rivers  having  a  very  much  larger  rise  of  tide,  the  influence  only 
extends  for  10  or  20  miles. 

Any  obstruction  that  checks  the  free  flow  of  the  tide  is 
detrimental  to  its  propagation. 

Weirs  placed  across  tidal  rivers  deprive  the  lower  reaches  of 
the  advantage  to  be  derived  from  the  full  amount  of  tidal  scour. 
The  quantity  of  tidal  water  is  still  further  diminished  by  tiie 
quantity  of  material  which  accumulates  immediately  below  them 
in  dry  seasons.  Instances  of  this  have  been  given  in  the  previous 
chapter. 

In  some  rivers,  as  in  the  Dee  and  the  Avon,  tHese  weirs  are 
only  partial  obstructions,  stopping  the  first  flow  of  the  tide,  bui 
allowing  the  last  two  or  three  feet  to  flow  over  and  run  up  the 
river.  The  full  oscillating  action  of  the  tide  is,  however,  injured 
by  such  stoppage.  The  first  wave,  instead  of  moving  freely  for- 
ward, is  checked  by  the  weir  and  driven  back,  meeting  the 
succeeding  waves.  The  whole  tidal  regime  is  thus  disturbed, 
eddies  are  created,  and  the  sediment  in  suspension,  which  would 
remain  in  this  condition  if  the  water  were  kept  flowing,  is  de- 
posited, raising  the  bed  of  the  river,  and  remaining  until  freshets 
come  and  remove  it. 

The  amount  of  material  which  thus  accumulates  in  the  river 
takes  the  place  of  tidal  water,  and  deprives  the  river  of  the 
scouring  action,  already  seriously  diminished  by  the  quantity  cut 
ofi*  by  the  weir. 

The  improvement  of  the  channel,  and  with  it  the  propaga- 
tion of  the  tide,  will  frequently  result  in  raising  the  level  to 
which  high  water  obtains  up  the  river,  thus  gaining,  by  the 
elevation  of  the  tide,  provision  for  deeper-draft  vessels,  which 
could  only  otherwise  be  obtained  by  excavating  the  bottom  at 
considerable  cost. 

Tlie  facts  given  in  the  previous  chapter  show  that  extensive 
improvement  may  result  in  thus  raising  the  level  above  that 
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formerly  existed,  even  when  this  level  was  as  high  as 
of  the  tidal  wave  in  the  »ea  or  estuary ;  hut  that  small 
iprovements,  while  having  a  considerable  effect  on  the  low- 
water  line,  do  not  atfeet  that  of  hijjh  water.  Also,  further,  that 
when  the  hijjh-water  line  at  any  particular  port  is  above  that  of 
the  ti:)e  in  the  open  estuary,  this  may  be  reduced  by  altering 
the  shape  of  the  channel  and  the  conditions  of  tidal  flow. 

At  Shoreham.  the  widening  and  deepening  of  the  harbour 
Boath  resulted  in  depressing  the  rise  of  spring  tides  from  18  feet 
to  16  feet.  At  Newhaven,  also,  the  works  carried  out  for  improv- 
ing the  entrance  to  the  harbour,  although  causing  the  tide  to  be 
40  minut«s  earlier,  have  made  the  rise  2  feet  less  than  formerly. 

In  the  Tyne,  on  the  other  hand,  the  deepening  of  the  channel 
has  resulted  in  making  the  lilgh-water  level  12  inches  higher  at 
Newcastle,  and  in  the  Clyde  10  inches  higher  at  Glasgow. 

Widtli  and  Direction  of  Channels. — The  circumstances  to  be 
taken  into  consideration  in  determining  the  width  of  a  channel 
ftre:  1.  The  requirements  of  the  navigation.  2.  The  volume  of 
water  to  be  provided  for,  influenced  by  the  length  of  the 
tidal  run  and  range  of  the  tide,  and  ensuring  its  free  flow. 
3.  The  dischai^e  of  the  fresh  water  under  ordinary  conditions 
Kod  in  flood.s,  and  obtaining  the  greatest  advantage  from  it  as  a 
scouring  agent. 

As  j-egards  the  requirements  of  the  navigation,  this  will 
depend  on  the  amount  of  traffic  frequenting  the  port.  Where 
Uiis  is  small,  a  minimum  low-water  width  of  100  to  120  feet 
will  be  sufficient  for  two  vessel.s  to  pass.  In  fact,  a  very  large 
unount  of  business  may  be  conducted  over  a  river  having  even 
a  less  width  than  this,  as,  for  example,  in  the  Avon  leading  up  to 
Bristol  docks,  where  the  width  of  the  river  at  the  dock  entrance 

only  50  feet  at  the  bottom.  In  the  Witham  the  channel 
immediately  below  the  dock  is  only  75  feet  at  the  bottom  and 
100  feet  at  the  low-water  line,  the  width  gradually  increasing 
downwards.  No  difficulty  is  found  in  navigating  vessels  of  from 
1500  to  2OO0  tons  register  up  and  down  this  river.  It  is  obvious, 
however,  that  a  greater  width  than  this  is  desirable  where  it 
be  procured.  As  some  guide,  it  may  be  mentioned  that  the 
nridth  of  the  Suez  Canal  is  72  feet  at  the  bottom ;  of  the  Amster- 
m  Canal,  8!)  feet ;  and  of  the  Manchester  Ship  Canal,  120  feet. 

In  the  propagation  of  the  tide,  it  is  essential  that  the  channel 
the  lower  reaches  shall  not  only  be  wide  enough  to  allow  of  a 
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free  admission  of  the  tidal  water,  but  shall  be  so  regulatcl  a 
to  allow  the  tidal  water  to  have  a  free  and  unimpedcil  mn 
the  furthest   limits  attainable,  and   that   for  this  pitrpi. 
channel  shall  uniformly  widen  out  from  the  lower  end.     V.; 
the  tidal  run  is  short — as,  for  example,  where  it  is  stopjjed  b 
dam  across  theriver,  as  in  the  instances  already  given — the  r 
of  the  tidal  wave  will  be  shorter,  and  a  less  quantity  of  n 
will  require  to  enter  and  pass  up  the  river  tlian  where  the  li 
has  a  long  uninterrupted  flow.     A  channel  with  a  short  tidlj 
run  may  therefore  have  less  width.     If  the  channel  be  made  ti 
wide,  and  be  not  uniformly  contracted,  the  scouring  action  o: 
ebb  will  not  be  developed  to  the  fullest  extent.     If,  on  the  o 
hand,  it  be  too  contracted,  tho  tidal  flow  is  throttled,  and  c 
reach  -so  far  up  the  river.     It  will  also  have  to  make  i 
want  of  area  by  increase  of  velocity,  and  a  bore  will  be  creaUd,  ] 
as  in  the  case  of  the  Seine.     This  excessive  velocity  is  dangerom  I 
to  the  navigation  and  destructive  to  the  banks. 

The  discharge  of  the  fresh  water  varies  considerably  k 
volume,  shrinking  into  very  narrow  dimensions  in  long-cia 
tinned  dry  weather,  and  increasing  to  a  stream  of  consideraUi 
proportion  in  floods.  The  proportion  of  fresh  water  to  tidal  ii 
however,  as  a  rule,  so  small  that  generally  whore  the  cliannel  ^ 
of  sufficient  capacity  for  the  tidal  flow  it  will  be  suilicient  l| 
discharge  the  land  waters.  There  are,  however,  in 
tidal  rivers  so  contracted  tiiat  in  heavy  freshets  the  veloc 
becomes  so  great  as  to  interfere  with  the  navigation. 

In  order  to  take  full  advantage  of  the  scouring  action  a 
water  where  the  river  is  enclosed  within  banks  rising  aba 
the  level  of  high  water,  it  is  of  advantage  to  have  what  ■ 
termed  by  the  French  engineers  a  major  and  a  minor  bed.f 
latter   being   only  of  sufficient  width   and   capacity  to   ret* 
within  itself  all  the  discharge  at  low  water  and  during  the  li 
three  hours  of  the  ebb,  the  high-water  banks  being  set  hack,  j 
leaving  a  cess  or  maT'gin.     The  cess  or  space  between  the  low- 
water  channel  and  the  bank  should  not  be  flat,  as  in  this  c 
the  lateral  expansion  of  the  inflowing  tide  is  sudden,  and  can 
an  eddying  of  the  water  detrimental  to  its  free  flow,  but  sho 
join  the  bank  with  a  gradual  slope.     The  height  of  the  banks  d 
the  low-water  channel  should  not  rise  higher  than  half-tide  levi 

It  is  not  possible  to  lay  down  any  exact  formula  for  regi 
lating  the  widths  of  tidal  channels.     The  circumstances  atteM 
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i*ig  every  different  river  are  so  varying  and  complex  that  the 
determination  of  this  matter  must  be  settled  by  judgment  and 
experience,  strengthened  by  a  consideration  of  the  natural 
oonditions  in  which  a  channel  exists  before  improvement  is 
vommeDced.  In  natural  tidal  channels  it  will  be  found  that 
4iihe  width  does  not  increase  gradually,  but  the  proportion  of 
mncrease  augments  rapidly  downwards  the  nearer  the  sea  is 
AppnKu:hed.  This  law  of  increase  may  be  expressed  by  the 
following  formula,  by  means  of  whicb,  the  width  at  the  upper 
maA  lower  end  of  a  river  being  given,  the  intermediate  width 
at  any  given  point  may  be  found. 

Let  M  be  the  mean  low-water  width  of  a  tidal  river  at  any 
place  near  the  outfall ;  M',  the  width  at  any  other  place  some 
distance  up  the  river;  N,  the  number  of  miles  between  M  and 
V;  X,  any  intermediate  width  required,  distant  N'  miles  from 
M';  then— 

X  =  M'Cl  +  C)N' 
and  C  is  determined  by  the  formula — 

^    M' 

The  working  out  of  this  formula  running  into  a  great 
ntunber  of  figures,  it  can  only  be  conveniently  used  by  the  aid  of 
logarithms.  Applying  this  formula  to  the  river  Humber  between 
Ooole  and  Spurn  Point.  The  mean  low-water  width  at  the 
fonner  place  is  924  feet,  aTid  at  the  latter  18,000  feet,  and  the 
distance  45  miles.  The  tii-st  column  gives  the  mean  existing 
widths  at  different  points  along  the  river ;  the  second,  the  width 

calculated  by  the  above  formula;  and  the  third,  the  width 
the  channel  augmented  by  an  average  mileage  rate  of 
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Applying  the  name  formula  to  the  Thames  and  the  Trent, 
the  re^ulU  work  out  with  a  very  near  approximation  to  the 
actual  low-water  widths  of  those  rivers. 

Straight  and  Curved  Channels. — For  the  purposes  of  naviga- 
tion, and  also  for  the  free  propagation  of  the  tidal  wave,  a 
straight  clianncl  has  advantages  over  a  curved  one,  especially  if 
the  hends  arc  abrupt  and  frequent.  Straight  reaches  are  not, 
hoWDVor,  found  in  practice  to  preserve  the  same  uniformity  of 
doj)th  M  curved  channels  under  the  varying  conditions  of  flow  to 
which  t})oy  are  subject.  In  all  channels  there  is  a  tendency  to 
(ioposit  at  certain  seasons.  Where  the  channel  has  been  fixed 
in  a  straight  reach,  this  deposit  is  not  spread  uniformly  over  the 
botUtiu,  but  gathers  in  shoals,  first  on  one  side  and  then  on  the 
othor.  Whoiv.  also,  the  bottom  consists  of  sand  or  other  material 
liablo  to  oiwHion,  the  same  effect  takes  place ;  the  bed  becomes 
munuHHl  out  in  ono  part,  and  shoaled  in  another.  These  shoals,  if 
spiH'ud  out  ovonty,  would  not  diminish  the  navigable  depth  to 
(ho  iiAu\o  oxtont  as  thoy  do  in  the  tortuous  course  which  they 

Tho  |\«rtioUv*  of  wat^r  in  a  stream  move  along  with  a  rolling 
wv  oiwulai'  nu^i\>n :  a  curvixl  channel  lends  itself  more  readily  to 
(hi>  aolivvn  than  \\no  ihat  is^  strai^rht.  The  natural  condition 
\\('hU  vi\oi*s  is  tv^  tUnv  in  a  series  of  benvls.  and  the  same  agency 
»Ku*li  eiUviN  this  wiuaiiiii  i\nirso  o;vr:iies  in  the  bed  of  a  wide. 
>t\A\i;V,t  uvAoh 

lu  A  euv\v\l  chAuiu\  :.:.e  ^rva;er  vel.vity  and  S4»uring  action 
^^;  t'io  >;i\\Aiu  \s  v\^iUMx:nfc:<\i  v^xi  ocie  scie.  preveming  deposit 
aIu^v  iV.ov  xW  s>A/,N;r.^  ,:  :o  AvVv:r::u*-A:e  .n  ih^?  convex  side  only. 
l.x^N  xv;   ;' .^  ^'.vvAUt   wc^:   .:*  ;i:v:  Voi  cc   lii-e  river  at   its  full 


V  >v'rs\i\v  .»ki/s^  >4.;^  v,y  j^  >o,cr,:v-:  *v:c::c  in  lir  current  by 
>  ^c^v  ->s  /  ,  ,^c.\A,  ,>  ,*;  :^^;  «:ji:<r  :r;ai  tiiir  >c:ni^i  course. 
^v»..v    ,^   .  .i.    vsv^      cc./:.'  Ar.i  :cc'.r^  jfc:c:»:c:  w^^:}l  cceuis  in 

''  •  .\v..    \    .*  >   ■..a.X    :     K'-  *i:::itiv  jlr^Asiv  cuoied 
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Dnside rations,  but  by  the  relative  positions  of  the  points  between 
rhich  the  stream  ih  to  be  conducted.  As  a  purely  abstract 
[aestion,  he,  however,  was  of  opinion  that  it  might  safely  be 
tffinoed  that  a  stream  is  most  likely  to  follow  a  permanent 
loarse  when  directed  by  a  concave  bank ;  that  the  centrifugal 
Oroe  in  curved  channels  has  a  tendency  to  draw  the  greater 
lortion  of  the  water  to  the  concave  side,  and  that  the  greatest 
muring  power  will  be  found  on  that  side ;  whereas  in  a  channel 
brected  by  straight  walla,  the  current,  having  no  such  bias  for 
litber  side,  is  more  easily  tlii-own  across  from  side  to  side. 

Mr.  Scott-Russel,  in  pointinjr  out  the  evils  which  had  arisen 
from  the  abrupt  interpolation  of  portions  of  straight  cuts  into 
jently  winding  rivers,  expressed  the  opinion  that  to  make  part 
of  a  natural  river  straight  was  a  dangerous  undertaking;  that 
where  the  curves  were  gentle  the  natural  bends  should  noti  be 
interfered  with ;  that  a  river  has  an  oscillating  motion,  and  there 
^  a  similar  process  going  on  in  it  to  that  which  goes  on  in 
»  pendulous  body.  A  pendulum  set  in  motion  continues  to 
oscillate  isochronously  without  the  expenditure  of  any  new 
Mce,  and  in  like  manner,  if  once  a  curve  or  bend  was  estab- 
Bdied  in  a  river  with  considerable  current,  the  mere  fact  of  the 
Miumencement  of  curvature  would  give  it  a  tendency  to  continue 
flat  curvature,  and  the  stream  would  go  on  oscillating  regu- 
«(Ij  to  the  sea  in  curves  of  opposite  curvature.  Continuity  of 
•  system  of  oscillation  should  therefore  be  maintained. 

Captain  Calver,  .speaking  of  the  improvement  of  rivers,  says 
that  straight  reaches  are  strictly  to  be  avoided,  more  particularly 
wHere  there  is  an  established  bu,siness  upon  the  banks  of  the 
river  to  be  trained.  With  a  straight  reach  the  deep-water  track 
i»  acted  upon  by  the  most  trifling  causes,  ranging  from  aide  to 
«de  at  will,  and  it  follows  that  under  these  circumstances  there 
ii  no  security  whatever  for  the  permanency  of  the  deep  water, 
either  in  a  fixed  channel  or  at  the  shipping  berths. 

The  commission  of  engineers  employed  by  the  French 
Covernuient  to  report  as  to  the  improvement  of  the  navigation 
>f  the  estuary  of  the  Seine,  in  recommending  the  extension  of 
h&  training  walls  through  the  estuary  down  to  Honfleur,  advised 
hat  these  should  assume  a  sinuous  form,  having  a  concave  bend 
eading  to  the  entrance  to  Honileur  harbour,  in  order  that  deep 
rater  should  be  maintained  at  the  entrance  jetties. 

M,  Fontaine,  in  designing  works  for  the  rectification  of  the 
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Rhine,  avoided  straight  cuta  and  adopted  curves.     In  the  ikter- 
mination  of  the  radii  of  curvature,  he  was  guided  by  the  inclini- 
tion  and  force  of  the  current.     The  maximum  length  of  radiui 
of  curvature  adopted  was  5000  feet  where  the  depth  wis  54 
feet,  and  where  the  depth  was  36  feet  the  radius  was  fixed  u 
■tlOO  feet.     General  Eads  also  adopted  a  curved   form  for  Uu 
jetties  for  the  south  paaa  of  the  mouth  of  the  Mississippi,    la 
the  Weser  no  attempt  has  been  made  to  atraigliten  the  chi 
the  existing  curves  being  eased  and  improved.     By  catting 
abrupt  bends,  contracting  the  width  where  too  great,  fixing 
course  through  sands,  and  deepening  where  required,  a  chani 
may  be  brought  into  a  uniform  condition  with  a  series  of  gcnlle 
curves  and  rendered  seiviceable  for  navigation  at  far  leas  coM 
and  with  better  results  than  by  making  an  entirely  new  cot 
The  course  may  not  be  so  direct  in  the  former  as  in  the  latter 
case,  but  the  want  of  directness  will  probably  be  fully  baianceJ 
by  the  more  permanent  maintenance  of  a  uniform  depth  throi 
out,  and  the  greater  scouring  power  of  the  ebb  and  flood  wst«E 

In  determining  the  direction  of  a  curved  channel,  the 
of  curvature  should  be  as  large  as  circumstajices  will 
having  regard  to  the  due  maintenance  of  the  seouriog  actii 
and  all  curves  should  be  tangential  to  each  other  or  to 
straight  parts  of  the  reach  with  which  tliey  are  connected. 

Where  cur\-es  succeed  one  another  there  is  always  a  tendi 
to  shoal  at  the  place  of  contrary  flexure. 

To  obviate  this,  the  width  of  the  channel  may  with  ad' 
tage  be  diminished  from  the  summit  of  the  bend  to  the  prant 
of  reverse  curvature.     The  amount  of  this  reduction  has  been 
placed  at  from  5  to  25  per  cent. 

The  Seine  engineei-s  have  advised  that  the  width  of  the 
training  walls,  when  extended  below  Berville,  should  be  reduoed 
from  2SI50  to  2790  feet,  and  below  this,  at  the  next  curve,  from 
44.^0  to  42C5  feet,  equal  to  a  reduction  of  from  4  to  5  per  cent 

With  a  curve  of  sharp  radius  there  is  not  only  the  physical 
difficulty  of  steering  a  long  vessel  round,  but  the  velocity  of  Ihe 
current  is  also  unduly  increased,  which  adds  to  the  difficulty  of 
navigation. 

A  curve  that  may  be  navigable  where  the  current  is  slack 
may  be  impracticable  if  the  tide  is  running  with  much  veiodty. 
The  radius  of  the  curve  should  therefore  bear  a  relation  to  the 
velocity  of  the  current. 
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Mr.  Mengin,  in  his  "Memoir  on  the  Tidal  Seine,"  gives  ae 
rule  that  the  radius  of  curves  ought  to  increase  with  the 
Blocity  nearly  as  the  quantity  AV,  where  A  repreaenta  the 
idth  of  the  bed  at  low  water  and  V  the  velocity,  of  the  current 
I  feet  per  second.  So  that  if  a  curve  of  1000  feet  was  sufficient 
I  a  channel  120  feet  wide  where  the  velocity  was  3  feet  per 
icond,  if  this  were  increased  to  4  feet  the  radius  would  require 
>  be  nearly  double. 

The  least  radius  that  a  vessel  300  feet  long  can  safely 
Avigate  in  a  channel  having  a  low-water  width  of  from  100  to 
20  feet  is  1000  feet,  when  the  current  is  slack.  Such  a 
lurp  curve  is.  however,  undesirable.  In  the  previous  chapter 
>venl  examples  have  been  given  of  curvatures,  and  the  class  of 
avigation  to  which  they  are  adapted. 

There  is  no  practical  difficulty  in  lighting  a  curved  channel 
r  in  BO  disposing  the  leading  lights  that  a  vessel  may  navigate 
t  safely  in  the  dark  tides. 

M.  Fargue,  Inspector-General  des  Fonts  et  Chaust^es  in 
'ranee,  has  paid  considerable  attention  to  the  subject  of  curved 
bonncls,  and  has  deduced  a  code  of  laws  relating  to  the  same 
POm  facts  obtained  from  a  series  of  observations  on  the  Garonne, 
nd  also  from  an  artificial  channel  constmcted  for  the  purpose 
f  tax  inquiry  by  a  commission  appointed  to  report  as  to  the  best 
leana  of  improving  the  access  to  the  harbour  of  Bordeaux  in 
i876.  This  artificial  channel  was  made  with  five  curves,  and 
ran  200  feet  long,  323  feet  wide,  and  the  same  depth,  these 
imensions  representing  approximately  a  portion  of  the  Oaronno 
D  a  scale  of  7517,  The  channel  was  supplied  with  a  stream  of 
DDning  water  from  the  canal,  the  bottom  being  formed  on  a 
ed  of  sand.  The  object  of  the  experiment  with  this  artificial 
oannel  was  to  ascertain  how  far  the  laws  laid  down  by  M. 
itrgue  as  to  curves  conformed  to  the  actual  facts  as  shown  in 
le  Garonne.  One  part  of  the  channel  was  formed  with  cuiwes 
ad  oat  in  accordance  with  his  rales,  and  the  other  by  a  series 
f  reverse  curves  and  straight  lines  uniting  with  one  another 
ntially,  a  uniform  width  of  3-23  feet   being  maintained 

lUghout.  The  summits  of  these  curves  were  40  feet  apart, 
^d  the  radius  of  curvature  3280  feet.     With  these  curves  it 

I  found  that  shoals  were  formed  on  the  convex  side  of  the 

nnel,  and  deep  water  on  the  concave  side;  but  the  distribu- 
!  very  irregular,  and  at  each  change  of  bend  a  bar  ran 
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across  the  channel.  The  other  set  of  reverse  curves  had  a  radius 
of  13'12  feet,  the  distance  between  the  summit  of  the  curves 
was  40  feet,  the  distance  from  the  end  of  each  arc  9*84  feet, 
making  the  straight  line  between  the  two  19*68  feet  The 
width  of  the  channel  at  the  summit  of  the  inflexion  was  6*56 
feet,  gradually  diminishing  to  4*92  feet,  or  25  per  cent,  less  at 
the  point  where  the  channel  began  to  change  from  the  concave 
to  the  convex  bend,  and  then  increasing  again  to  the  same 
width  at  the  summit  of  the  following  curve.  In  the  channels 
thus  set  out,  the  deep  water  maintained  a  regular  and  con- 
tinuous curve  round  the  concave  side  of  the  channel,  across  the 
centre  of  the  intervening  point  of  contrary  flexure  to  the  suc- 
ceeding concave  portion  of  the  next  bend. 

From  the  observations  obtained  in  the  Garonne  and  in  this 
artificial  channel,  M.  Fargue  has  formulated  the  foUovmig 
rules : — 

1.  The  longitudinal  section  of  a  river  follows  the  form  of  the 
channel,  there  always  existing  a  relation  between  the  windings 
and  the  depth. 

2.  A  channel  presents  more  approach  to  regularity  in  depth 
when  the  curves  vary  in  a  regular  and  continuous  manner. 

3.  In  order  that  a  channel  may  be  stable,  it  must  have  a 
succession  of  curves  alternately  concave  and  convex,  and  uniting 
straight  lines  formed  by  the  prolonged  direction  of  the  portion 
of  the  channel  where  the  curve  changes  its  direction.  The 
distances  between  two  consecutive  points  of  inflexion  must  not 
be  too  small  or  too  crreat.  Where  this  is  the  case  the  bed  con- 
sists  of  a  series  of  pools  and  shoals.  If  the  latter  are  dredged 
out  they  will  form  again. 

4.  In  order  that  the  deep  water  may  be  continuous  and 
regular,  the  curves  must  have  graduated  bends,  the  channel 
being  widest  at  the  summit  of  the  curve,  and  most  contracted 
in  the  portion  where  the  curve  changes  direction. 

5.  The  width  of  the  channel  must  vary  with  the  amount  of 
curvature  and  tbe  distance  the  curves  are  apart. 

G.  The  points  of  inflexion  must  be  distant  from  each  other 
by  a  distance  depending  on  the  width  of  the  channel. 

In  the  Garonne  it  was  found  that  the  deep  water  w^as  con- 
tinuous and  the  channel  stable  when  the  distances  between  the 
curves  were  not  greater  than  5000  feet  or  less  than  3000; 
'hen  the  width  at  the  summit  of  the  curves  was  656  feet,  and 
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at  the  commencemont  4!t2  feet,  or  25  per  cent,  less,  and  the 
distance  between  the  points  where  the  inflexion  changed  was 
98i  feet,  or  twice  the  least  width  of  the  bed. 

Where  shoals  of  shingle  and  sand  have  been  dredged  out  of 
the  river  Garonne,  and  a  direction  given  to  the  deepened  part  in 
accordanee  with  these  rules,  the  channel  has  subsequently  main- 
tained its  depth  and  stability. 

The  Sea  Approach,— The  direction  in  which  a  channel  enters 
the  sea  is  a  matter  that  requires  very  careful  consideration,  and 
can  only  he  determined  after  a  full  examination  of  nil  the  local 
Agencies  in  operation.  The  impossibility  of  laying  down  any 
uniform  direction  as  that  which  will  give  the  beat  results,  is 
shown  by  the  fact  that  both  natural  channels  and  those  which 
Mive  been  trained  to  the  sea  by  artificial  piers  with  satisfactory 
rilta  effect  their  junction  in  diametrically  opposite  directions, 
tne  trending  with  the  set  of  the  ebb  and  flood  current,  some  at 
ight  angles  to  the  line  of  shore,  and  others  trending  away  to  the 
Mward  at  various  angles.  The  advantages  of  the  different 
ections,  and  the  best  method  of  directing  a  river  channel  into 

^ill  be  found  dealt  with  in  the  chapter  on  "  Training." 
Kethods  of  ImproTement.— There  are  two  methods  of  improv- 
ing the  channels  of  tidal  rivers — training  and  dredging.     Fre- 
Uiuntly  the  two  are  combined.   Training  is  required  for  directing 
td controlling  a  channel,  and  bringing  it  within  uniform  bounds. 
« increased  scour  derived  from  the  concentration  of  the  energy 
If  the  water  frequently  results  in  the  deepening  of  the  channel, 
s  especially  the  caae  in  rivers  having  a  small  tidal  rise,  and 
urging  a  large  amount  of  upland  water. 
In  the  Seine,  nearly  the  whole  of  the  material,  amounting  to 
WW  80  million  cubic  yards,  removed  from  the  improved  channel 
«  carried  out  by  the  transporting  power  of  the  water,  dredg- 
%  in  this  case  only  being  resorted  to  for  the  removal  of  hard 
■day  shoals.     In  the  Mississippi  the  bulk  of  the  material  was 
aoved   by   scour,   a   .small   amount  of  dredging   only   being 
smployed  to  hasten  the  work. 
In  tidal  rivei-s  training  alone  has  not  always  been  carried  out 
Rvith  the  same  success.     In  the  Tees,  although  the  material  to  be 
loved  was  principally  sand,  the  training  works  had  to  be 
Ipplemented  by  a  very  laige  amount  of  dredging  before  the 
Iqnized  depth  could  be  obtained.     In  the  Maas,  it  was  antici- 
1  that  by  confining   and   directing   the  current  the  scour 
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would  be  sufficient  to  deepen  and  enlarge  the  channel  to  tke 
required  dimensions,  and  a  very  large  amount  of  material  w 
thus  removed,  but  finally  dredging  had  to  be  resorted  to  it 
complete  the  work  and  give  the  required  depth.  The  traioiw 
works  in  the  Clyde  have  been  of  immense  advantage  in  Btraigfatei- 
ing  the  channel  and  regulating  the  current,  but  the  depth  whiA 
enables  vessels  of  large  capacity  to  reach  Glasgow  is  due  to  ik 
dredging  operations.  In  the  Weser  the  river  was  stnughteoel 
by  training,  but  the  deepening  was  principaUy  effected  by  dredge 
ing,  the  material  removed  being  placed  at  the  back  of  tb 
training  walls. 

The  effect  derived  from  training  takes  time  to  develop,  aaj 
the  full  benefit  of  the  deepening  is  seldom  felt  until  a  coiudd» 
able  period  after  the  work  is  completed.  The  benefit  to  navigi. 
tion  is  more  quickly  realized  when  the  deepening  is  also  assiiU 
by  dredging,  not  only  by  the  actual  material  removed  bytk 
dredger,  but  the  disturbance  of  the  material  by  the  badccli 
assists  its  transport  by  the  water. 

When  the  bed  of  the  channel  is  clay  or  hard  soil,  dredging  of 
some  kind  becomes  a  necessity. 

The  great  improvements  which,  during  the  last  few  yean, 
have  been  made  in  dredging-machinery,  particularly  by  the  ue 
of  suction  and  hopper  dredgers,  have  placed  at  the  disposal  of  ik 
engineer  a  means  of  deepening  rivers  at  a  much  lower  cost  tba 
fonnerly  existed. 

In  many  cases  training,  followed  by  subsequent  dredging,  hat 
been  carried  out  where  the  desired  improvement  could  hiw 
been  efiected  by  dredging  alone. 

Tidal  currents  will,  without  any  aid  from  training,  keep  to 
the  same  channel  if  sufficiently  deep.  The  tendency  of  all  flow- 
ing water  is  to  run  along  the  line  of  the  deepest  chaimel, 
especially  if  that  line  is  in  the  direction  most  favourable  for  the 
run  of  the  flood  and  ebb.  The  chief  factor  in  the  disturbance 
of  the  direction  of  tidal  channels  is  wind,  or  the  flowing  do¥i 
of  occasional  heavy  freshets  from  the  uplands.  In  a  channel 
having  a  sufficient  depth,  the  upland  water  bears  a  less  pro- 
portion to  the  ordinary  low  water  in  the  channel  than  when 
this  is  shallow ;  its  power  to  divert  it  to  a  new  direction  is 
therefore  less,  and  consequently  it  assimilates  its  action  and 
direction  to  that  of  the  existing  low-water  tidal  current.  The 
ofi'ect  of  wind  in  an  estuary  on  the  low-water  channels  is  super- 
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a»l,  and  extends  only  a   short  distance   below   the   surface, 
which  may  be  able  to  change  the  direction  of  shallow 
ig^itnnels  are  powerless  to  do  so  in  deeper  water. 

It  is,  therefore,  quite  possible,  with  .such  appliances  as  now  am 
the  disfiosal  of  an  engineer,  to  make  a  deep-water  channel 
.libnugh  an  estuary  composed  of  sand  or  free  soil,  which  will 
;  afterwards  maintain  it^lf  without  the  aid  of  training  walls.  An 
gouuuple  of  this  will  be  found  in  the  channel  leading  up  to  New 
York  Harbour. 

The  lower  bay,  covering  an  area  of  two  square  mile^,  ia  open 
to  the  Atlantic  Ocean,  and  h&s  a  tidal  rise  of  5^  feet.  The  Main 
Sliip  Channel  and  Gedney  Channel  lead  from  the  harbour  through 
iius  bay  to  the  Atlantic  (see  Fig.  24).  These  channels  were 
ohstnicted  by  four  long  shoals,  over  which  the  gi-eater  part  of 
the  vessels  frequenting  the  port  could  only  pass  at  high  water. 
It  was  proposed  by  Major  Gillespie  to  deepen  these  shoal.s 
O^  feet  by  dredging,  so  as  to  give  a  minimum  depth  of  -'iO  feet  at 
low  water.  This  scheme  being  referred  to  the  Government 
Board  of  Engineers,  they  reported  that  they  had  little  expecta- 
tion that  anything  more  than  tempoi-ary  relief  could  be  obtained 
by  dredging  in  a  channel  exposed  to  the  full  force  of  the 
JUJantic,  and  therefore  could  not  recommend  that  method  for  a 
permanent  improvement.  They  advised  that  permanent  results 
could  only  be  obtained  by  a  stone  training  wall,  four  miles  in 
length,  across  the  shoals  from  Coney  Island  towartis  Sandy 
Hook,  the  estimated  cost  of  the  improvement  by  this  means 
being  £1,250,000.  as  against  £270,:fGO  for  dredging  only. 
Ultimately,  after  some  successful  experimental  triula,  tlie  dredg- 
ing was  continued,  and  between  1S84  and  18!)0  the  channel  was 
deepened  to  the  required  depth  by  suction  dredging,  at  a  cost  of 
£258,551.  The  material  removed  was  principally  sand  and 
alluvial  matter.  Thus  by  executing  the  work  in  both  channels 
by  dredging  without  training,  an  unnecessary  expenditure  of 
%bout  £1,000,000  has  been  saved,  and  le.ss  time  occupied  in 
satisfactorily  completing  the  improvement,  and  so  sooner  pro- 
viding better  facilities  for  the  ua\'igation.  .So  far  there  have 
been  no  signs  of  shoaling  taking  place,  although  the  bay  has 
been  visited  by  severe  storms  since  the  channel  has  been  com- 
pleted. An  official  report  made  a  year  after  the  work  was 
finished.  stat«d  that  there  was  then  a  continuous  channel  at  low 
tide  1000  feet  wide  and  30  feet  deep  from  the  narrows  to  the 
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ocean.  ("  Improvemeat  of  the  Chonnela  at  the  EDfrance  to  tbi 
Harboar  of  New  York,"  J.  Edwards :  Truns.  American  SoeiOf 
of  Engineers,  I8dl.)  I 


Dredging  of 


On  the  coast  of  Belgium,  the  approach  to  Ostend  has  Wa 
improved  by  dredging  a  channel  in  the  open  sea  throo^^  ■ 
large  hank  of  sand  called  the  Stroom  Bank,  nuuung  ponUd 
with  the  coast.     The  channel  dredged  is  2000  feet  wide  and 
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I  teet  deep  at  low  water.  Xo  dredging  has  been  done  id  this 
lannel  since  the  automn  oif  1891.  and  the  depth  has  mMUoed 
■Wticatly  the  sanie.    ("  MaintiMianee  of  Ptwts  on  Sandy  CoMte," 

De  Mey :  1893.) 

With  chajinels  consisting  of  a  series  of  sboab  and  de«p  plaeeB, 
ch  as  are  frequently  to  be  met  with  in  estuaries,  in  sitaations 
fficiently  sheltered,  these  may  be  eoocomically  improved  and 
epened  by  removing  the  material  by  suctioD  dredgere,  and 
positing  the  material  through  troughs  or  pipes  on  to  the  sides 

a  sufficient  distance  to  prevent  its  washing  hack,  or  by 
posiUng  it  from  hopper  baizes  into  low  places  or  subsidiary 
uinels,  and  so  assisting  to  concentrate  the  dow  of  the  eurrcnta 
one  main  channel. 

By  thus  judiciously  placing  the  dredged  material,  evem  if 
ly  sand,  in  the  low  places,  the  tidal  water  coming  into  the 
.uary  may  be  trained  and  directed  into  the  main  stream. 

Where  dredging  has  to  supplement  training,  the  cost  of  the 
irk  may  be  very  considerably  reduced  by  carrying  the  works 

simultaneously.  Whether  the  training  consist  of  stones  or 
wines,  it  is  necessary  to  give  considerable  substance  to  the 
ills  to  prevent  the  work  being  carried  away  as  the  walla  rise 
ove  the  level  of  low  water.  The  walls,  which  at  first  rise 
ove  the  level  of  the  sands,  subsetiuently  become  buried  by 
6  material  which  accretes  at  the  back,  the  face  only  being 
En  of  any  service.  As  the  wall  is  raised,  if  sand  or  other 
tteriat  to  be  removed  from  the  channel  be  conveyed  from  the 
edgers  through  troughs  or  pipes  to  the  back  of  the  new  wall, 
is  will  require  to  be  of  much  less  substance,  and  the  quantity 
stone  or  fascineii  required  be  little  more  than  is  necessary  to 
avide  a  facing.  A  place  of  deposit  for  the  dredgings  is  at  the 
ne  time  provided  at  much  less  cost  than  if  it  had  to  be 
noved  by  hoppers. 

Before,  therefore,  deciding  on  an  expensive  system  of  train- 
[  walls,  it  is  desirable  to  give  due  consideration  as  to  whether 
existing  channel  cannot  bo  regulated,  deepened,  and  improved 
dredging  alone. 

Examples  of  various  methods  of  improvement  and  the  cost 
the  work  will  be  found  in  the  chapters  on  "  Training  and 
edging." 

Conditions  of  a  Tidal  fiiver  in  Oood  Order. — A  tidal  river 
id  order  ought  to  fulfil  the  following  conditions 
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1.  The  tidal  wave  at  the  foot  of  the  tide  should  be  propa- 
gated at  a  rate  of  not  less  than  10  miles  an  hour. 

2.  The  level  of  high  water  should  not  be  lower  at  the  port 
up  the  river  than  at  the  mouth. 

3.  The  duration  of  the  tide — that  is,  from  first  of  flood  to  high 
water — should  not  be  less  than  from  4  to  5  hours. 

4.  The  velocity  of  the  tidal  current  should  not  exceed  l\ 
miles  an  hour. 

5.  The  depth  at  low  water  should  be  sufficient  for  the  navi- 
gation of  the  ordinary  craft  frequenting  the  port,  and  at  mean 
high  water  allow  2  feet  under  the  keel  of  the  largest  vessek 

6.  The  width  should  diminish  from  the  mouth  upwards,  the 
progressive  widths  being  greater  in  proportion  at  the  lower  end 
than  the  upper. 

7.  The  channel  should  not  have  in  it  any  curves  of  les 
radius  than  2500  feet. 

8.  The  section  of  the  channel  should  be  large  enough  to 
allow  the  upland  water  in  floods  to  flow  down  at  a  velocity  that 
will  not  materially  interfere  with  the  navigation. 


purpose  to  be  attained  in  training  a  river   is  to  fix  the 

nel  in  one  position,  and  to  regulate  its  width  su  that  the 

ihall  flow  without  disturbance ;  and  that  the  whole  force 

tidal  and  fresh-water  currents  shall  be  concentrated  in 

taining  one  deep  uniform  channel. 

a  shallow  channel  running  through  an  estuary  where  the 
<i  are  sutTiciently  mobile,  the  force  of  both  flood  and  ebb  is 
uded  in  rolling  over  immense  quantities  of  matwial  and 
ing  fresh  courses,  the  water  being  encumbered  with  the 
thus  eroded  and  set  free. 

Q  a  trained  channel,  in  ])lace  of  a  wide,  shallow  body  of 
r  trailing  gver  a  series  of  newly  formed  channels,  wasting 
nergy  in  rolling  the  sands  about,  the  current  becomes  an 
jetio  agent,  doing  good  work  in  the  right  place.  By  guiding 
irst  of  the  flood  and  the  last  of  the  ebb  by  means  of  train- 
rails,  the  strength  of  the  current  operates  in  the  same  line 
umel,  and  thus  a  much  greater  permanent  depth  is  secured. 
fUeot  of  Training  on  Estnariei. — There  has  been  recently  some 
■oversy  as  to  the  etfect  of  training  walls,  and  it  has  been 
1  that  training  tends  to  accretion,  and  so  diminishes  the 
nty  of  the  estuary  and  the  quantity  of  tidal  water  passing 
id  out;  and  that  it  may  have  a  damaging  etfect  on  the 
ill  of  the  channel  where  it  empties  into  the  sea,  and  may 
to  the  shoaling  of  the  water  over  the  bar  where  one  exists, 
fen  be  tlie  means  of  creating  one.  This  theory  was  put 
urd  very  prominently  by  the  opponents  to  the  first  scheme, 
Daed  by  Mr.  Leader  Williams,  for  the  approach  to  the 
ihesber  Ship  Canal  through  the  upper  e.^tuary  of  the 
,3vhicb  consisted  of  training  and  guiding  the  water  in 
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one  main  channel,  instead  of  allowing  it  to  wander  all  over  ibe 
estuary. 

Sufficient  allowance  does  not  appear  to  be  given  by  t 
who  raise  this  objection  to  the  fact  that  training  does  not  craM 
material.  Mr.  Stevenson  ("  River  Engineering  ")  says  on  t 
subject,  "It  is  difficult  to  conceive  in  what  way  parallel  training 
walls  formed  in  an  estuary  can  operate  either  in  bringing  dowu 
additional  alluvial  matter  from  the  river  atwve,  or  in  bringing  up 
additional  detritus  from  without  the  bar,  ,  .  ,  The  tendency  (f^ 
works  of  this  kind  is  not  necessarily  to  produce  additionit 
accumulation,  but  simply  to  alter  the  disposition  of  the  exisi 
materials  of  which  the  bed  of  the  estuary  was  originally  o 
posed. .  . .  Even  if  a  deposit  does  take  place,  the  compematica 
afforded  to  the  navigation  by  well- designed  works 
much  greater  than  is  generally  supposed."  He  shows  that  thii 
was  the  case  in  the  river  Lune,  where  training  walls  had  b 
put  in.  Very  careful  observations  showed  that,  while  i 
accumulation  of  sand  had  taken  place  in  one  part  of  the  estiurj 
on  account  of  the  training,  in  other  parts  the  sands  had  lowered. 
to  an  equal  degree. 

Accretion   and  Beclamation. — Training  may   lead    to  a  ne* 
disposition  of  the  sands,  accumulation  in  one  place   being  c 
pensated  by  denudation  in  another,  the  tidal  area  remaining  tin 
same,  and  the  condition  of  the  estuary  may  be  improved  by  tl 
water  being  less  encumbered  by  the  moving  sand. 

Even  allowing  that  training  may  be  the  means  of  arrestii^ 
some  of  the  alluvium  brought  down  by  the  river,  which  otberwiH 
would  have  been  carried  out  to  sea,  this  will  be  fully  compen- 
sated for  by  the  increased  volume  of  water  gained  by  tbt 
deepening  of  the  channel.  The  training  and  consequent  raisii^ 
of  the  foreshore  may  also  be  the  means  of  checking  erosion 
which  has  been  acting  on  the  shores. 

The  re.wlt  of  preventing  the  con,stant  shifting  of  the  sands 
also  allows  the  surface  to  become  coated  with  gi-ass  or  other 
marine  vegetation,  and  by  this  means  preventing  the  action  of, 
winds  in  disturbing  the  sand  and  allowing  it  to  be  carried  ofl 
by  the  ebb  from  the  foreshore  into  the  channel. 

The  accretion  consequent  on  training  frequently  leads  ta 
reclamation,  portions  of  the  estuaiy  being  enclosed,  thus  dimiiuab 
ing  its  tidal  area.  The  effect  of  reclamation  in  its  damagiia 
effect  on  the  outfall  of  rivers  has,  however,  been  much  over-rated 
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The  Tidal  Harbour  Commissioners,  who  were  appointed  about 
fifty  years  ago  to  investigate  the  conditioa  of  the  harbours  and 
tidal  rivers  of  this  country,  seem  to  have  started  with  the  fixed 
idea  that  any  enclosure  from  a  tidal  area  must  necessarily 
damage  the  outfall  of  the  river,  and  the  bad  condition  of  many 
rivers  was  ascribed  to  this  cause,  when  it  could  be  clearly  traced 
to  other  sources.  The  unqualified  opinion  expressed  by  these 
Commissioners  appears  to  have  become  stereotyped,  and  has 
nnce  been  adopted  by  many  engineers  without  a  due  conaidera- 
ficm  being  given  to  all  the  local  circumstances  that  may  prevail 
in  an  estuary.  For  example,  the  river  Deo  is  universally 
qaoted  as  an  example  of  the  damage  caused  to  a  navigable  river 
!  by  training,  followed  by  reclamation.  An  investigation  into  all 
the  causes  which  have  operated  in  this  river  will  show  that  no 
each  lesson  is  to  be  gathered  from  its  condition.  As  a  matter  of 
fiwt,  it  became  and  has  remained  in  far  better  condition  as  a 
navigable  waterway,  and  has  a  greater  depth  of  water  than  it  had 
before  the  works  were  carried  out,  and  the  depth  over  the  bar 
has  not  diminished.  It  is  true  that  the  improved  depth  antici- 
pated and  promised  when  the  works  were  laid  out  has  not,  until 
<[uite  recently,  been  fully  realized.  The  cause  of  this  was  due, 
however,  to  the  fact  that  the  water  was  driven  out  of  its  natural 
direction  into  a  long  straight  channel,  terminating  in  abrupt 
bends  at  one  end,  ami  in  a  bed  of  shifting  sands  at  the  other ; 
that  this  channel  was  made  too  wide  in  proportion  to  the  area 
which  the  river  drained ;  and  that  consequently  the  current  of 
the  fresh  water  was  not  sufficiently  concentrated  to  give  it  the 
necessary  scouring  power.  No  attempt  was  made  to  assist  the 
removal  of  the  sand  in  the  channel  by  dredging,  and  the  free 
run  of  the  tide  was,  and  is  still,  interfered  with  by  a  weir  across 
the  river. 

The  estuary  of  the  Seine  has  also  been  quoted  as  an  example 
of  the  ill  effect  of  reclamation  following  on  training,  it  being 
contended  that,  owing  to  the  diminution  of  the  tidal  receptacle 
by  the  land  enclosed,  the  scour  has  been  weakened  in  the  estuary 
below  the  training  walls,  and  the  deposit  of  sand  has  conae- 
qnently  increased,  and  that  this  may  ultimately  have  an 
injitrious  effect  on  the  scouring  action  of  the  tidal  water  in 
maintaining  the  sea  channels.     A  careful   investigation  of  all 

Etions,  however,  shows  that  in  this  case,  as  in  others,  the 
inerea.se  of  deposit  is  merely  a  redisposition  of  the  sand  ; 
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and  that,  as  a  matter  of  fact,  the  channel  seawards  of  Havi^ 
where  an  obstruction  from  a  bar  woald  exist  if  anywhere, 
really  deepened  considerably ;  and  that,  although  the  navigatioQ 
of  the  lower  estuary  is  difHcult  owing  to  the  shifting  channeli, 
yet  this  is  no  worse  than  it  was  bel'ore  the  training  walls  vA 
reclamation  were  effected,  and  any  alteration  that  bati  t&kei' 
place  is  for  the  better. 

That  large  areas  of  open  estuary  are  not  necessarily  cequind 
for  the  maintenance  of  a  tidal  river  b  evidenced  by  the 
that  the  rivers  in  this  country  in  the  best  condition  for  navif^ 
tion,  such  as  the  Thames,  the  Humber,  the  Severn,  and  the  Fortl^ 
have  no  such  open  receptacles  for  the  tidal  water;  and  tin 
i-eclamatioD  does  not  necessarily  injure  a  river  is  shown  by  tl 
fa«t  that  in  the  Humber,  by  the  enclosure  of  nearly  three-fonrUi« 
of  the  whole  estuaiy  at  different  times,  no  injury  has  resulted  ta 
the  channel,  nor  has  the  absence  of  the  water  that  used  to  flow 
over  this  area  resulted  in  the  formation  of  a  bar  at  its  mouUk. 
In  fact,  the  reclamation  of  this  land  has  improved  the  form  of 
the  river,  and  a  channel  sufficient  for  large  vessels  exists  for 
nearly  50  miles  from  the  mouth  without  the  aid  of  any  artiSdal 
training  works,-  On  the  Thames  the  tidal  water  is  now  excluded 
from  a  very  considerable  area  of  land  over  which  it  once  flowed^ 
by  enclosures  made  in  the  previous  century,  without  injury  ts 
the  chaiinel  or  the  outfall  into  the  sea.  The  fact,  bowevov 
should  not  be  lost  sight  of,  that  this  abstraction  of  tidal  area  hr"^ 
been  compensated  by  extensive  dredging  and  the  removal  1 
obstructions  to  the  tidal  flow.  Nearly  70,000  acres  have  been'' 
reclaimed  from  the  Wash  since  the  construction  of  the  Romaa 
banks  without  creating  any  bar  in  Lynn  Deeps,  or,  as  far 
known,  diminishing  the  depth  of  water  there  or  in  Boston  Deepe, 
Large  reclamations  of  land  have  beeu  made  from  the  estuaiy  of 
the  Severn  without  decreasing  the  depth  of  the  channel 
navigable  facilities.  In  the  Tay,  from  surveys  made  by  Mr* 
D.  Cunningham,  it  was  found  that,  although  the  tidal  area 
been  diminished  by  accretions  in  the  upper  part  of  the  estuary, 
yet,  owing  to  compensation  effected  by  other  improvements,  ths 
voliune  of  tidal  water  had  been  increased  anil  intensified  in 
action,  the  channel  improved,  and  the  depth  over  the  bar  increased.: 
On  the  Tees  upwards  of  2G00  acres  of  land  have  been  rectaimedj 
as  a  consequence  of  the  tmining  works,  but  it  has  never  be^ 
contended  that  this  reclamation  has  in  any  way  injured  tha 
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'navigable  channel  or  prevented  the  deepening  of  the  water  over 
the  bar.  The  tidal  water  has  now  a  longer,  deeper,  and  more 
concentrated  flow  which  more  than  compensates  for  the  abstrac- 
tion of  any  tidal  water  from  the  estuary. 

Training  and  consequent  accretion  may  be  prejudicial  if  it 
results  in  the  exclusion  of  tidal  water  which  formerly  found  its 
way  into  and  fed  the  ebb  cunent  in  the  main  navigable  channel 
and  exerted  a^_3Couring  influence  at  the  outfall,  and  so  was 
I  effective  in  arresting  the  formation  of  a  bar,  or  of  deepening  the 
[  water  over  it.  But  if  the  tidal  area  consists  of  a  bed  of  loose 
1  sand,  through  which  shallow  channels  ai-e  continually  shifting 
I  tKeir  position,  and  from  otf  the  surface  of  which  the  ebb  current 
I  conveys  into  the  channel  large  quantities  of  this  moving  material) 
lore  harm  is  effected  than  the  scouring  efi'ect  can  do  good. 
^wever,  aa  a  consequence  of  accretion,  the  area  becomes 
dwith  vegetation,  the  water  running  off  the  marshes  and  out 
s  creeks,  especially  during  the  last  of  the  ebb,  may  be  a 
ble  feeder  to  the  ebb  current,  if  it  finds  its  way  into  tlio 
"     cneL 

B  the  turn  of  the  tide,  the  great  mass  of  water  in  an  estuary 
^wards  the  ocean.     As  the  velocity  in  the  main  deep  water 
8  increases  it  draws  towards  it  the  water  from  the  sides, 
i  channel  is  fed  by  the  lateral  supply ;  thus  the  volume 
[  out  over  the  outfall  is  increased.     Water  that  merely 
I  into  and  out  of  an  estuary  over  the  sands  without  going 
I  the  main  navigable  channel,  cannot  be  of  any  assistance 
5  this  channel  open. 
B  vital  point  for  consideration  is  not  the  mere  retention 
B  water  area,  but  the  preservation  of  all  that  part  of  the 
J  the  water  from  which  has  a  direct  influence  on  the  iow- 
ihannel  of  the  outfall.     A  long  length  of  tidal  run  up  a 
md  defined  course,  ia  of  far  more  value  than  tidal  area  iu 
In  the  one  case,  the  whole  of  the  tidal  flow  passes 
1  down  one  course,  and  through  the  outfati  to  and  from 
In  tlie  other,  a  very  lai^e  proportion  passes  in  and 
'  M<^  the  eatuary  without  ever  entering  the  channel,  or  having 
»ay  influence  on  the  outfall. 

By  enclosing  indents  and  irreguhvrities  in  the  coast-line  the 

fonn  of  an  eatuary  may  be  greatly  improved,  but  iu  permitting 

the  exclusion  of  tidal  water,  care  must  be  e.tercised  that  such 

^•WOT  does  not  unduly  cramp  ita  access  from  the  sea,  and  space 
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should  be  allowed  for  this  beyond  that  repaired  for  the  lot- 
water  channel. 

In  an  estuary  of  the  form  shown  in  Fig,  25,  the  cndosoncj 
the  marahes  at  AA  and  AB  by  a  bank,  shown  by  the  doM 
lines,  would  improve  the  form  by  cutting  off  the  indeDts  ud 
irregularities,  which  allow  the  tidal  water  to  expand  undo]]'  it 


the  upper  end,  and  thus  br  ng  n^,  the  form  of  the  estuary  tt 
a  gradual  and   regular   w  dening   out  towards  the  sea. 
enclosure  of  the  marsl  es  at  AA  would  only  exclude  tidal  i 
which  finds  its  way  to  the  sea  over  the  sands  or  by  the  creeks  E 
the  keeping  open  of  wliich  might  lead  to  the  splitting  of  t' 
outfall  channel  into  two  parts  at  C 

The  conclusions  arrived  at  by  the  section  devoted  to  tidi 
rivet's  at  the  International  Congress  on  navigation  held  at  Par 
in  1892,  was,  that  "  The  regulation  of  the  banks  of  tidal  rivers,* 
as  to  remove  abnipt  variations  in  width  equalizes  the  tidal  flm 
reduces  accretion,  and  facilitates  the  tidal  influx,  and  therefoK 
constitutes  an  important  means  of  improvement,  even  if  l 
compaaied  by  a  slight  reduction  of  tidal  capacity  at  certaij 


j»rts  by  the  obliteration  of  indents,  which  is  generally  more 
Mm  cotn])en3atei:l  for  by  the  improved  scour,  and  consequent 
loweriii;^  of  the  low-water  line,  especially  if  accompanied  by  tho 
removal  of  shiials." 

Groynes  and  Parallel  WaUi. — Training  may  be  effected  either 
by  gi-oynes  running  out  from  the  shore  at  intervals,  by  parallel 
walls,  or  by  a  single  wall.  For  deepening  the  water  at  the  out- 
fim  and  over  the  bar,  converging  walls  running  out  from  the 
shore  and  contracting  the  entrance  and  outfall  of  the  tidal  water 
b&'ve  also  been  adopted.  Pai'allel  walls  are  the  most  effective 
and  permanent  way  of  training  rivers.  Groynes  placed  at  right 
axiglcs  or  obliquely  to  the  channel  may.  however,  be  used  in 
Bozne  cases  with  advantage.  When  a  river  is  very  wide,  or 
■^irinds  very  much,  the  current  may  be  diverted  and  gi-adually 
brought  to  the  intended  line  economically  and  with  little  dis- 
turbance to  the  navigation  by  groynes.  After  the  channel  has 
Iteen  directed  to  its  new  course  by  this  means,  an  accumulation 
of  the  sand  disturbed  will  rapidly  take  place  between  the  groynes. 
AVhen  this  bas  taken  ])lace  the  ends  can  be  joined  together  by 
fkArallel  walls,  the  depth  to  which  these  will  have  to  be  carried 
l>«iDg  considerably  diminished  by  the  filling  up  by  the  action 
of  the  groynes  of  deep  gullies  and  holes  crossing  the  line  of  the 
^saining,  and  by  the  surface  of  the  ground  at  the  back  of  the 
■^I'aUs  being  raised  before  the  building  commences. 

In  forcing  the  current  in  a  new  direction  by  training  walls, 
a  very  heavy  scour  frequently  occurs,  especially  at  the  end  of 
the  wall  crossing  the  direction  of  the  old  chaimel.  The  sand  is 
rapidly  waahed  away  and  a  deep  hole  formed,  which  follows  the 
training  wall  as  it  advances.  This  absorbs  a  very  large  amount 
of  stone,  nearly  the  whole  of  which  afterwards  become^  buried. 
Thus  in  the  training  works  for  rectifying  the  bend  in  the  river 
Ooae  below  Goole,  although  the  average  height  of  the  walls  did 
tK>t  exceed  12  feet,  yet  for  a  considerable  length  they  extended 
from  30  to  10  feet  below  low  water.  By  first  directing  the 
Bhsnnel  into  the  intended  new  couree  by  groynes,  this  difficulty 
is  avoided,  and  less  material  is  used  if  the  groynes  are  extended 
gradually,  and  the  channel  coaxed  rather  than  driven  into  the 
new  couiae. 

The  method  of  first  directing  the  channel  by  groynes  was 
adopted  both  on  the  Clyde,  the  Tyue,  and  the  Tees,  and  also  ou 
Ihe  Danube. 
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On  the  Clyde,  the  channel  was  first  regulated  and  broa^ 
to  its  intended  direction  and  a  uniform  width  by  means  of  (" 
groynes  or  jetties  carried  out  from  tlie  shore,  upwards  o£ 
hundred  o£  these,  varying  in  length  from  50  to  550  feet, 
placed  between  Glasgow  bridjje  and  Bowling.  After  the 
between  theae  jetties  had  bw:ome  tilled  up,  the  ends  were 
together  by  low  rubble  walls.  All  appearance  of  these 
and  parallel  training  walls  has  now  disappeared,  and  tfai 
tor  a  greut  part  of  the  way  flows  through  land  above  tbe  level 
of  high  water.  The  banks  have  slopes  of  li  to  1,  and  tre 
covered  with  whinstone  rubble.  This  was  formerly  hand-pitched 
at  a  cost  for  labour  alone  of  \s.  2d.  per  superficial  yard.  TIk 
stone  now  is  left  as  laid  on,  and  it  is  fouud  that  the  slopes  staiul 
better  thus  than  pitched,  and  break  the  wash  of  the  ateauen 
more  eft'ectuaUy. 

The  Tyne  was  trained  and  its  width  regulated  by  groynffl 
running  out  from  the  shore  at  the  wide  placea  The  ends  of 
these  were,  as  in  the  Clyde,  subsequently  joined  together  by 
low  rubble  parallel  training  walls,  the  greater  part  of  the  material 
being  obtained  from  the  ballast  brought  by  vessels  cominfj  for 
coal.  The  groynes  were  made  of  yellow  pine  timber,  braced 
together  with  half-timber  walings,  and  the  spaces  between  tho 
main  piles  filled  in  with  3-ineh  sheet  piles.  The  average  cost 
was  £1  OS.  per  running  foot.  As  tlie  groynes  were  carried 
through  shifting  sands,  a  covering  of  chalk  rubble,  obtained  from 
the  ballast  brought  by  the  colliers,  9  inches  in  thickness  for  ■ 
width  of  9  feet  was  spread  on  each  side  of  them  to  prevent  scour. 
The  deepest  part  of  the  section,  where  the  scour  was  greatest, 
was  generally  closed  first.  Similar  groynes  were  found  to  be 
more  advantageous  than  those  constructed  with  stone  or  rubble, 
as  they  could  be  completed  more  rapidly  and  in  the  end  were 
more  economical. 

The  Tees,  which  had  a  very  winding  course  through  ttw 
estuary,  was  brought  to  a  direct  line  by  means  of  groynes.  At 
Bamblets  Bight  the  channel  was  directed  from  close  in  shore 
neai'ly  to  the  middle  of  the  estuary  by  three  timber  groyn«. 
each  lOOO  feet  in  length,  connected  from  head  to  head  by 
piling.  Subsequently  a  groyne  was  run  out  across  the  n( 
channel  for  a  distance  of  1400  feet,  and  the  current  directed 
the  south  channel.  This  groyne  was  formed  of  clay  and 
for  the  first  'JOO  feet,  and  then  of  timber,  supported  on  e&ch 


fey  day  and  stone.     The  groynes  first  run  out  were  afterwards 
iiMnnected  together  by  longitudinal  training  walls. 

The  use  of  groynes  has  also  an  advantage,  that  tht:  width  of 
Abe  channel  may  be  regulated  and  determined  by  their  aid  before 
^e  permanent  training  walls  are  built.  In  the  works  on  tho 
Seise,  the  Alaas,  and  the  Mississippi,  the  width  of  the  channels 
-was  found  to  be  either  too  restricted  or  too  wide,  necessitating 
ia  the  one  ca.se  the  pulling  down  of  the  walls  already  erected, 
■nd  in  the  otiiers  tho  contraction  by  means  of  an  ijuier  wall 
or  groynes  running  out  at  right  angles  from  the  wall. 

Groynes  as  a  permanent  means  of  training  cause  irregularities 
in  the  flow  of  the  water.  Eddies  and  disturbances  are  set  up  at 
their  ends,  and  also  at  points  in  the  channel  below  them  depend- 
ing on  their  length.  The  velocity  of  the  current  is  thus  checked, 
and  the  propagation  of  tlie  tidal  wave  disturbed  by  the  water 
Absorbed  in  tilling  tho  spaces  between  them. 

Sea  Ontfalls. — In  determining  the  po.sition  to  be  given  to 
draining  walls  in  estuaries  where  they  discharge  into  the  sea,  the 
flirection  not  only  of  the  flood  and  ebb  tides  and  of  the  prevailing 
-vrinda  must  be  considered,  but  also  the  amount  of  material  that 
is  transported  along  the  coast,  and  the  direction  from  which  it 
comes. 

In  some  eases  where  there  is  much  littoral  drift,  especially 
<rf  shingle,  the  outfalls  have  been  driven  considerably  to  leeward. 
Zo  SDch  cases  Nature  appears  to  indicate  that  the  water  should 
be  directed  into  the  sea  by  a  curved  channel  having  its  convex 
aide  presented  to  the  direction  from  which  the  material  is 
travelling,  and  that  the  training  should  l>e  so  designed  that  it 
■say  be  extended  further  out  seawards  as  the  shore  gi-ows  up 
with  the  accumulated  material. 

A  straight  channel,  having  its  axis  in  the  direction  from 
ifhich  the  heaviest  gales  come,  is  diflicult  to  navigate,  and  liable 
to  have  its  entrance  blocked  by  material  driven  up  in  stormy 
v«ather.  A  channel  in  which  a  ship  has  to  enter  broadside  to 
the  heaviest  prevailing  gales  is  also  difficult  to  navigate. 

Where  one  stream  joins  another,  the  best  direction  for  the 
jtutction  of  the  tributary  is  by  a  gentle  curve  tangential  to  tho 
main  stream.  If  this  rule  were  applicable  to  tidal  channels 
eotering  the  sea,  the  outfall  should  be  by  a  curved  channel 
leading  in  the  direction  of  the  main  set  of  the  flood  tide  along 
(bo  coast     It  will  be  found  that  some  rivers  in  their  natural 
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state,  which  ha\ii  deep-water  outfalla  and  no  bars,  comply 
this  condition.     On  the  other  hand,  rivers  will  !>e  found  harii 
theii'  outfalls  as  favourably  cii-cumstanced  which  have  montJ 
debouching  into  the  sea  at  a  sharp  angle  away  from  the  set 
the  flood  current. 

Neither  an  examination  of  the  outfalls  of  rivers  in  natin 
condition  round  this  or  other  coasts,  nor  a  study  of  artitidall 
trained  rivers,  give  sufficiently  consistent  results  to  guide  in  t 
laying  down  of  any  definite  rule. 

It  may  be  acce|>ted  as  correct  that,  apart  from  conslderstio 
of  shelter  and  harbour  works,  the  training  walla  of  rivers  shoo 
be  raised  suliiciently  high  to  direct  the  How  of  the  water  in  t 
requii'ed  direction  and  to  prevent  cross-currents,  and  that,  to 
successful,  they  should  never  terminate  in  shallow  water.  T 
direction  given  should  be  such  as  to  draw  the  ebb  and  flo 
current  without  unnatural  disturbance  in  one  stream,  and  tb 
should  be  so  designed  as  in  no  way  to  throttle  or  impede  f 
entrance  of  the  tide. 

Where  training  walls  have  not  been  carried  oat  into  sufficient! 
deep  water,  their  effect  has  been  shoi-t-lived.  Acting  as  a  groyS 
to  stop  the  travel  of  the  littoral  drill,  this  has  rapidly  accumi 
lated  at  the  back,  and  then  found  its  way  round  the  end  tol 
the  mouth  of  the  river,  forming  shoals  or  a  bai".  Where  the  pii 
reaches  the  level  of  deep  water,  the  sand  or  shingle  is  kept  i 
continual  agitation  by  the  effect  of  gates  and  the  tidal  current 
and  is  either  drifted  past  the  entrance  or  out  into  the  deepi 
part  of  the  sea. 

Single  Piers  at  the  Hoaths  of  Bivers. — There  are  cases  whi 
a  single  curved  wall,  running  out  from  the  shore-line,  l 
been  sufficient  to  maintain  a  channel  in  the  direction  reijuireJ- 
Such  a  wall  [ilaced  on  the  windward  side  of  the  channel,  or  the 
direction  from  which  the  flood  tide  and  the  littoral  drift  come, 
and  presenting  its  convex  side  to  the  line  of  drift,  if  c&rrieil 
sufliciently  far  out  into  deep  water,  will  give  under  favourable 
circumstances  a  permanent  direction  to  the  flow  of  the  water, 
and  afford  protection  to  the  entrance  from  the  prevailing  gales. 
The  jetty,  acting  as  a  groyne,  will  at  first  collect  the  littoral  drift 
in  the  angle  between  the  pier  and  tlie  shore,  but  after  this  is 
filled  up,  the  direction  givtin  by  the  convex  form  of  the  outer 
end  of  the  jetty  will  carry  the  drift  beyond  the  entrance  and 

o  the  deep-water  currents.     The  flood  tide,  working  roi 
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end  of  the  pier-bead  into  the  cLaunel,  as  it  does  in  the 
of  the  natural  pier  at  Spurn  Point  in  the  Humber,  will 
md  to  maiatain  at  that  point  deep  water,  and  prevent  the 
bposit  of  the  littoral  drift  and  the  fonuatioa  of  a  bar.  The 
ibb  current  running  along  the  concave  side  of  the  jetty  will 
Hintain  the  deepest  water  along  that  side  of  the  channel,  the 
tide  Betting  up  also  along  the  lino  of  deepest  water.  A 
nufonu  and  deep  channel  may  thus  be  maintained.  If  the  line 
9f  direction  be  well  chosen  with  regard  to  existing  circum- 
4uiees,  a  single  wall  will  therefore  be  suthcieut  to  maintain  a 
buinel  in  a  uniform  direction  and  preser\'e  deep  water.  There 
several  examples  where  single  walls  thus  carried  out  hare 
1  successful. 

Before,  however,  deciding  on  the  direction  to  be  given  to 
Dch  a  training  wall,  the  fullest  local  information  should  be 
btained  as  to  the  natural  set  of  the  currents  and  the  direction 
roto  which  the  gales  come  which  most  interfere  with  the 
Pproach  to  the  river. 

Cosverging  Piers. — Training  walla  running  with  the  stream 

Bid  gradually  opening  out  to  the  sea  are  a  more  effective  and 

*  irmanent  method  of  improving  the  outfall  of  a  tidal  river  than 

tOBe  which  are  carried  out  from  the  lanti  and  converge,  leaving 

narrow  opening.     The  former  bring  the  river  into  a  condition 

formabie  to   the   teaching  of  Nature ;  they  afford  a  better 

iproach  for  the  navigation,  cause  less  disturbance  to  the  tidal 

iw,  and  have  the  advantage  that  they  can  always  be  extended 

the  necessity  arises.     Professor  Haupt,  in  a  paper  on  "  Jetties 

luid  Harbours,"  in  the  99th  volume  of  the  MiniUes  of  Proceed'tTiga 

'ffthe  Jnsl.  C.E.,  says  "  that  he  has  been  unable  to  find  a  single 

Fance  in  America  where  convei^ent  jetties  have  resulted  in 
tring  permanent  improvement." 
With  converging  piers  the  effect  is  too  local,  and,  if  resulting 
m  scouring  out  a  deep  hole  in  the  immediate  neighbourhood  of 
■be  pier-heads,  there  is  a  tendency  for  a  shoal  to  form  at  a 
p^Kjrt  distance  away.  The  velocity  of  the  current  both  within 
Wid  without  the  walls  not  being  in  accord  with  that  of  the 
>eneral  flow  of  the  river,  it  might  naturally  be  anticipated  that 
local  scouring  action  and  deepening  in  one  place  would  result  in 
.shoaling  in  another,  and  that  a  bar  removed  by  this  action 
^ironld  form  again  at  a  short  distance  outside  the  piers.  The 
{Msaage  of  a  large  volume  of  water  through  a  narrow  opening, 
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expanding  into  a  wide  area  inside,  is  not  fiivonrable  to  the 
propagation  of  the  tidal  wave,  and  the  rapid  current  set  iq» 
thioogh  the  pier-heads  makes  navigation,  except  at  hi^  wtUr, 
difficult  and  often  dangerooa.  It  is  very  nndeeirable,  in  the 
interest  of  the  navigation,  to  give  the  flood  and  ebb  cairenti  i 
greater  velocity  than  is  necessary  to  keep  the  channel  of  the 
river  or  ontfaU  dear  of  deposits 

In  the  case  of  the  Tyne,  one  pier  projects  abraptly  from  the 
shore,  the  soath  pier  ronning  more  in  the  direction  of  the 
channel,  the  two  converging  towards  the  entrance.  Bat  then 
terminate  in  deep  water,  and  f<Hm  a  considerable  projeetui 
from  the  coast-line.  These  piers  cannot  be  regarded  as  me^ 
training  walls,  but  were  designed  to  afford  within  their  shelter 
a  harbour  of  refage  from  the  storms  of  the  North  Sea. 

The  piers  carried  out  by  Sir  J.  Hawkshaw  in  the  North  Se^ 
for  the  protection  of  the  entrance  to  the  Amsterdam  Ship  Caoal, 
converge  from  the  shore  to  the  entrance,  and  project  about  i 
mile  fix)m  the  shore.     They  are  so  designed  as  to  concentrate 


Fig.  26.— Entraooe  Amsterdam  CaiuiL 


scour  of  the  water  on  the  entrance.  In  this  case,  however,  the 
flood  and  ebb  channel  is  directed  along  the  line  of  channel  in 
the  centre  by  low  jetties,  the  space  between  the  piers  forming  a 
tidal  reservoir.  The  coast-line  is  regular,  and  the  natural  set  of 
the  currents  parallel  with  the  shore,  and  their  velocity  from  2 
to  2i  knots,  the  rise  of  tide  being  from  7  to  10  feet.  The  eflBwt 
of  the  projecting  piers  has  been  to  deflect  the  coast  currents  in 
the  direction  shown  by  the  arrows  in  Fig.  26,  the  littoral  drift- 


1  accumulating  behind  the  piers  in  the  manner  shown  by  the 
1  lines.  The  velocity  at  the  end  of  the  piers  was  increased 
by  the  piers  to  3  and  with  some  winds  4  knots.  An  eddy  current 
enters  the  harbour,  setting  towards  the  south  pier  and  creating 
the  sandbank  shown  in  the  illustration.  The  land  water  from 
the  canal  and  the  tidal  water  which  lilla  the  basin  keeps  the 
entrance  scoured  (Mr.  H.  Hayter'.s  remarks,  the  paper  on  "  Bai's," 
Mill.  Proc.  Inst.  C.  E.,  vol.  c.). 

The  Liffey  may  be  more  appropriately  quoted  as  an  example 
where  converging  piers  have  been  carried  out  for  the  purpose  of 
deepening  the  channel  and  scouring  away  the  bar.  In  this  case 
one  pier  runs  parallel  with  the  axis  of  the  channel,  and  the  other 
meets  it  at  an  angle  of  about  45  degrees  (see  Fig.  27).     SufBeient 


I  has  not  yet  elapsed  to  say  definitely  whether  these  piers 
effect  the  purpose  for  which  they  were  intended,  but  there 
indications  that  such  will  not  be  the  case.  In  fact,  the 
lening  which  set  in  after  the  piers  were  completed  has  been 
Bted,  and  a  tendency  for  a  shoal  to  form  again  further  out  is 
tested. 

Sztennon  of  Piers  to  Deep  Water. — Where  it  is  contemplated 
fun  out  jetties  into  the  sea  at  the  mouth  of  a  tidal  river  in 
fcr  to  remove  a  shoal  or  bar,  the  risk  of  the  gradual  growth  of 
idiore-line  seawards  until  it  progresses  as  far  out  as  the  pier 
1  to  be  considered.  Thus  for  the  protection  of  the  harbour  of 
*ntoil,  situated  on  the  flat  shore  of  the  East  Coast,  piers  wei 


wei^^ 
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built  out  from  the  shore-line.  The  windward  pier,  or  that  on 
the  side  from  which  the  drift  came,  acted  as  a  grojme,  causiDg 
the  sand  and  shingle  to  accumulate  at  the  back  and  to  extend  a 
considerable  distance  out  from  the  shore.  The  harbour  entnuoee 
is  separated  from  the  main  channel  of  the  North  Sea  by  a  long 
ridge  of  sand  which  runs  parallel  with  the  coast  for  seTenl. 
miles,  the  approach  being  by  an  opening  through  these  sands. 
On  the  land  side  of  the  piers  is  a  large  tidal  basin,  and  the  ri?er 
Waveney  discharges  into  this  basin.  The  rise  of  tide  is  about 
6^  feet.  The  shingle  is  constantly  working  its  way  round  the 
end  of  the  north  pier  into  the  harbour,  necessitating  constant 
dredging  to  maintain  the  depth.  In  north-east  gales  a  bir 
also  forms  across  the  entrance,  interfering  with  the  navigation. 
In  this  case  the  jetty  does  not  extend  sufficiently  far  out  to 
prevent  the  shingle  travelling  round  the  end,  or  to  make  the 
velocity  of  the  littoral  current  sufficient  to  carry  it  past  the  pie^ 
heads.  The  accumulation  of  shingle  having  now  extended  oat 
from  the  shore  past  the  piers,  there  is  always  at  hand  a  constant 
supply  of  material  for  the  littoral  current  to  carry  into  the 
harbour.  This  could  be  prevented  by  arresting  the  travel  of  the 
shingle  by  a  groyne  carried  out  from  the  Ness,  which  projects 
from  the  coast-line  about  three-quarters  of  a  mile  to  the  north 
of  the  harbour  entrance,  and  which  could  be  extended  from  time 
to  time  as  the  material  accumulated  at  the  back.  This  would 
at  the  same  time  provide  a  shelter  to  the  approach  to  the  harbour 
from  north-east  gales,  the  narrow  space  between  the  pier-heads 
being  difficult  to  make  in  strong  gales. 

The  river  Adour  affiards  another  example.  The  outfall  of 
this  river  is  into  a  part  of  the  Bay  of  Biscay  where  the  shore  is 
shallow  and  sandy,  and  where  the  rise  of  spring  tides  is  only 
8  feet.  Piers  were  carried  out  along  both  sides  of  the  outfall  in 
order  to  contract  the  entrance,  with  the  object  of  scouring  away 
a  shoal  of  sand  which  existed  at  the  mouth.  The  result  was 
that,  when  the  piers  were  completed,  the  shoal  was  scoured 
away  only  to  reform  further  out.  The  accumulation  of  sand 
which  takes  place  outside  the  piers  which  have  been  constructed 
for  the  improvement  of  the  harbours  at  Calais  and  Dunkirk 
on  the  north  coast  of  France,  shows  that  the  mere  extension 
of  jnors  from  the  shore  is  not  sufficient  to  secure  a  deep 
channel. 

Height  of  Training  Walls. — The  height  to  which  training 


bIU  are  carried  in  an  estuary  must  depend  on  their  position 
id  circumstaneea.  Their  main  object  being  to  direct  the  low- 
>ater  current,  it  would  seem  tbat  if  they  were  carried  up  as  high 
the  highest  level  of  low  water  it  would  be  sufficient ;  but 
cperience  shows  that  they  are  not  in  the  most  effective  condition 
)S  cari'ied  as  high  as  half-tide  level,  that  is,  at  a  level  equal 
mean  between  high  and  low  water  of  spring  tides  in  the 
fen  estuary.  Walls  which  are  at  a  less  height  than  this  allow 
iDss-currents  to  prevail,  which  detract  from  the  advantage 
litained  from  an  even  flow  along  the  axis  of  the  channel. 
rhilf  walls  that  ai'e  too  low  do  not  suSiciently  direct  the  tidal 
irrents  in  the  true  line,  high  walls  cause  accretion  and  prevent 
le  lateral  spread  of  the  tidal  water.  Objection  is  frequently 
lised  to  low  walls  that  they  allow  the  sand  to  be  washed  off 
le  foreshore  into  the  channel.  This,  however,  is  an  objection 
,t  cannot  hold  good.  Even  if  sand  were  washed  off  after  the 
it  formation  of  the  walls,  this  would  cease  as  soon  as  the  sand 
id  obtained  a  natural  slope,  and  any  sand  washed  off  after  this 
mid  only  be  from  material  carried  on  by  the  tides.  As  a 
tatter  of  fact,  the  objection  amounts  to  this,  that  low  walls  do 
>t  favour  accretion  aa  rapidly  as  those  carried  to  a  higher  level. 
1  far  as  navigation  is  concerned,  walls  carried  to  half-tide  level 
e  the  safest.  Fishing-smacks  and  boats  of  light  draught  are 
pt  to  run  their  stems  on  low  walls  when  they  are  covered  at 
i^  tide  and  become  fast,  receiving  injury  from  the  position  in 
'bich  they  will  lie  when  the  tide  falls. 

When  training  is  carried  on  above  the  open  estuary,  and 
rhere  a  lateral  expansion  of  the  tide  is  prevented  by  embank- 
lents,  a  berm  should  always  be  left  for  the  expansion  of  the 
de  as  it  rises  above  the  level  of  the  walls.  By  this  means. 
fhile  keeping  the  ebb  current  within  the  limits  best  adapted  to 
Bvelop  it«  scouring  power,  a  receptacle  is  provided  which 
BBures  a  sufficient  provision  for  supplying  scour  to  the  outfall, 
ad  the  propagation  of  the  tide  is  less  throttled. 

Method  of  ConBtmction. — The  method  of  constructing  training 
'alls  varies  considerably.  In  certain  situations  a  very  alight 
tnk  IB  sufficient  to  give  the  intended  direction  to  the  current. 
the  account  of  the  worka  carried  out  for  directing  and 
ictifying  the  river  Vire,  which  discharges  into  the  estuary  or 
iy  oC  Vays  on  the  north  coast  of  France,  given  by  M.  Bouncieau 
,  bis  work  on  the  "  Navigation  of  Tidal  Rivera,"  the  following 
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method  is  described.  The  aoU  through  which  the  channel  vh 
to  be  diverted  consisted  entirely  of  alluvial  matter  lying  abon 
the  level  of  low  water.  Along  the  direction  of  the  intended 
channel  low  niounda  of  sods  obtained  from  the  salt  marshes 
were  laid,  leaving  a  sufficient  distance  between  them  for  tht 
ultimate  full  width  of  the  channel.  These  mounds  were  covered' 
with  stone,  the  (juantity  used  increasing  as  the  channet' 
a[>proached  the  more  exposed  paits  of  the  bay.  A  trench  n 
then  cut  by  spade  labour  along  the  centre  line  of  the  iutendei 
channel.  The  ohh  water  of  the  marshes  on  the  receding  of  the 
tide  was  directed  into  this  channel,  which  was  then  grad^iall; 
widened  by  the  scour  until  a  fair-sized  channel  was  ohlainei 
The  old  course  was  then  gradually  dammed  up,  and  the  water 
diverted  into  the  new  course.  The  scouring  of  the  new  channal 
waa  aided  by  harrows  and  by  scouring-dams  formed  by  boat* 
When  the  channel  reached  the  mounds,  the  stones  placed  on  tha 
sides  fell  at  an  angle  which  formed  and  covered  the  sides,  n 
stones  being  added  where  required.  The  thickness  of  tUil 
covering  varied  from  18  inches  to  3  feet,  being  thicker  at  t 
base  than  at  the  top. 

Bags  of  sand  may  also  be  used  for  training  purposes.  lul 
case  which  canie  under  the  author's  experience,  where  it  wi 
intended  to  open  out  a  channel  across  a  sandy  foi'eshore  1: 
scour  caused  by  discharging  the  water  from  a  new  cut  wbi< 
had  been  excavated  through  the  laud,  the  contractor  controlled 
the  direction  of  the  flowing  water  in  the  course  desired  by  bag 
of  sand,  and  succeeded  by  this  means  in  i-emoviog  the  great* 
part  of  the  top  covering  of  sand  to  a  depth  of  alxmt  o  feet,  ai 
opening  out  a  channel  down  to  the  hard  ground,  which  he  wi 
able  afteiwards  to  complete  by  dredging. 

Sand-hags  may  also  be  effectively  used  where  it  is  deeifi 
to  shut  off  lateral  creeks  from  a  main  channel  in  a  sandy  estui 
and  for  correcting  sharp  bends,  and  generally  in  directing  a 
improving  the  course  of  the  low-water  channel     In  using  the 
as  dams  care  must  be  taken  not  to  raise  the  dam  too  hi^ 
otherwise  an  overflow  is   created  which  sets  up  a  scour  i 
washes  the  dam  away.     A  single  hag  in  height  is  sufficicat  a 
first,  gradually  increasing  the  height  as  the  sand  accretes, 
channel  may  by  this  means  be  brought  into  line,  and  afterwitfc 
if  found  necessary,   faced  with  stone  at  considerably  less  oa 
than  by  the  use  of  atone  training  banks. 


For  diverting  the  channel  of  the  river  Don,  groynes  made  of 
bags  filled  with  sand  were  used.  The  groynes  were  made  in  the 
form  of  trianglea  The  sacks  were  laid  lengthways,  and  from  one 
to  four  sacks  high  according  to  the  strength  of  the  current  7500 
bags  were  used  in  one  groyne.  Fifty  sacks  measured  343  cubic  feet, 
and  cost  deposited  in  place  £2  Gs.,  equal  to  Ss.  i^d,  per  cubio 
yard.     The  sacks  used  were  grain  bags  made  of  bass  matting. 

Faacine-work. — Fascines  have  been  very  extensively  used  for^*^  i 
training  work.  The  fascines  used  for  training  the  outfall  of  the'  /,\  J 
fen  rivers  on  the  East  Coast  are  made  of  brandies  cut  from  thorn  t'  ' 
hedges.  They  are  tied  in  bundles  about  six  feet  long,  including 
the  brush,  and  three  feet  girth  by  taiTed  string.  These  faggots 
are  locally  called  "  kids,"  and  cost  about  lis.  a  hundred  (120) 
delivered  on  the  banks  of  the  river. 

Where  the  training  wall  has  to  be  laid  below  the  level  of  low 
water,  the  fascines  are  conveyed  to  the  site  on  bai^s,  two  barges 
of  feggots  being  moored  in  the  river  in  the  line  of  the  wall  and 
parallel  with  it,  and  one  barge  across  the  end  loaded  with  clay 
or  marsh  sods.  At  low  water  the  fascines  are  placed  in  the 
water  transversely  to  the  jetty,  overlapping  eivch  other  one-half 
the  length  of  the  faggot,  and  covering  a  space  equal  to  the 
inteDded  width  of  the  jetty.  Each  layer  is  weighted  with  clay  or 
sods  till  it  sinks,  being  directed  to  its  place  by  boat-hooks 
fastened  in  the  ground.  This  is  continued  until  the  jetty  attains 
half-tide  level.  The  wall  is  made  as  far  as  practicable  to  a  I 
batter  equal  to  ais  inches  horizontal  to  one  foot  in  height  (Fig. 
28).  Jetties  constructed  in  this  manner  have  been  put  in  where 
the  depth  of  water  at  tow  water  has  been  20  feet,  and  where 
there  has  been  a  tidal  run  of  i  knots,  and  have  remained  in 
position  without  repair-  since  they  were  con.'^trueted  twenty  years 
ago.  The  sediment  rapidly  accumulated  on  the  land  side  of  the 
Jetty,  and  in  the  course  of  a  short  time  the  fascines  only  formed 
the  face  of  the  channel,  but  there  has  always  been  a  depth  varying 
from  10  to  15  feet  on  the  river  side  at  low  water.  Thorns  are 
well  adapted  for  this  work,  as  the  branches  interlace  and  hang 
together  in  a  way  that  is  not  common  to  other  brush-wood, 
and,  the  spaces  between  the  branches  becoming  filled  with  soil 
and  sand,  make  the  jetty  a  very  tough  and  solid  mass  difficult  to 
temove.  Fascine-work  of  this  character  has  the  advantage  over 
«Cone  in  its  tenacity,  and  the  way  in  which  the  whole  mass  hangs 
.     If  built  on  sand  which  afterwards  scours  out,  it  will 
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settle  down  in  a  mass  and  only  require  additional  fascines  putting 
oa  the  top  to  bring  it  to  the  original  level  The  training  of  tbi 
river  Ouse  through  the  Vinegar  Middle  sands  was  effected  thirty- 
five  years  ago  by  fascine-work  of  tbis  character.  In  this  case  it 
was  protected  on  the  face  by  rubble  stone,  to  prevent  the  (aggota 


being  washed  up  by  heavy  freshets  or  torn  from  tbeir  place  iij 
ice.  These  walls  have  stood  without  repairs  for  a  great  numba 
of  years.  The  Nene,  the  Witham  and  the  Welland  have  all  beea 
tnuned  in  a  similar  manner. 

The  coat  varies  with  the  distance  the  material  has  to  b* 
taken  and  the  quantity  of  stone  used.  A  piercan'ied  out  by  th« 
author,  where  very  little  stone  was  used,  cost  1«.  8t^  per  cnwc 
yard.  This  pier  was  16  feet  high,  with  base  of  22  feet,  and  top; 
13  feet,  the  cost  per  lineal  foot  being  19s.  3d.  The  details  tt 
the  cost  were  as  follows  per  hundred  fascines : — 


PMcines,  per  120         

Conveyiiig  bjr  boat  five  inik-s 
Labour  building  jetty 

10  toni  trf' clay.  It.      

Stone  tot  top,  i  ton,  6t. 


Or  allowing  70  fascines  to  a  lineal  foot,  gives  IQs.  3d.  per  foot 
'•r  the  jetty.     The  clay  was  obtained  from  a  scarp  at  the 


of  the  river.  {"  Fascine- Work  at  the  Outfall  of  Fen  Rivera,"  by 
W,  H.  Wheeler,  Proc.  Inst.  C.E..  vol.  xlvi.  1875.) 

Fascine-work  of  tboma  is  well  adapted  for  protecting  the  sidea 
of  channels  from  the  erosion  of  the  current,  or  the  wash  caused 
Vy  steamboats ;  or  to  prevent  thein  slipping  into  the  channel 
where  the  same  has  to  be  deepened  by  dredging.  For  this 
jinrpose  the  author  has  used  them  in  a  tidal  river.  The  usual 
w»y  of  executing  this  work  is  to  commence  by  excavating  as  far 
below  low  water  of  spring  tides  as  practicable,  a  slight  dam  of 
earth  being  left  between  the  excavation  and  the  water.  From 
three  to  four  fascines  are  then  laid  in,  overlapping  each  other,  and 
with  their  butt  ends  at  right  angles  to  the  chaimel,  the  outer 
layer  having  the  brush  end  towards  the  water.  On  this  a  layer 
of  the  excavated  soil  is  placed,  and  then  another  row  of  fascines, 
the  process  being  continued  until  the  top  course  is  brought  up  to 
the  level  of  oi-dinary  high  water,  the  depth  of  the  courses  of 
iaacines  gradually  being  diminished  till  the  last  finishes  up  with 
a  single  fascine.  The  brush  is  then  trimmed  off  to  a  neat  face. 
Provided  that  plenty  of  clay  or  similar  material  is  used,  this 
work  is  of  a  permanent  character,  any  interstices  of  the  fascines 
becoming  filled  with  silt.  Fascine-work  executed  in  this  manner 
in  the  fen  rivers  fifty  years  ago  is  still  in  good  condition. 

Fascine-work  is  used  very  extensively  in  Holland  for  training 
rivers  and  for  making  dams  for  closing  channels  which  require  to 
be  diverted.  The  fascines  are  composed  of  willow,  alder,  or  brush- 
wood of  similar  character  to  that  which  grows  in  the  swamps.  The 
fascines  are  made  into  bundles  from  ten  to  eleven  feet  in  length 
and  fifteen  inches  in  circumference,  the  sticks  of  which  the 
foggots  are  composed  being  about  1^  inch  thick  at  the  root  end. 
They  cost  from  5s.  to  la.  per  hundred.  These  fascines  arc  termed 
"  ryahout,"  and  are  made  up  into  large  masses  or  mattres-ses 
varying  in  size,  the  largest  being  80  feet  wide  and  150  feet  long, 
and  about  IGti  foot  thick.  They  are  constructed  in  the  following 
manner.  The  bundles  of  faggots  are  laid  out  on  light  frames 
supported  by  stakes  driven  into  the  ground  the  full  width  of  the 
intended  mattress,  the  sticks  of  which  the  bundle  is  composed 
being  drawn  out  so  as  to  break  joint.  They  are  then  tied  to- 
gether in  a  continuous  bundle  about  six  inches  in  diameter  with 
oeiera  at  intervals  of  15  inches,  and  by  lighter  bands  between, 
BO  as  to  form  a  rope,  or  "  wiepen."  These  bundles  are  then  laid 
u^^K  ground  in  parallel  rows  three  feet  apart,  to  the  full  length 
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of  the  mattress.      They  are  croased  by  a  second  layer  of  wiepes 
at  light  angles,  forming  a  network  with  meshes  three  feet  square 
Every  alternate  layer  is  tied  with  half-inch  tarred  rope.     This 
framework    is    then    covered    with  three    layers    of   ryshout 
placed  in  alternate  directions,  the  three  layers  being  18  inchi 
thick.     A  network  of  wiepen  Bimilar  to  the  lower  one  is  the 
again  laid  over  these,  and  tied  down  to  the  lower  course  by  U 
tarred  rope,  which  is  brought  up  for  the  purpose.     The  matlroi 
is  generally  built  on  the  shore  between  high  and  low  water, 
that  when  completed  it  can  be  floated  to  its  place,    Onarrivingat 
its  destination,  it  is  loaded  with  stoue  at  the  rate  of  from  a  third 
to  half  a  ton  to  the  square  yard.     To  prevent  the  stone  falling 
off  as  the  mattress  is  being  sunk,  the  upper  surface  is  some  " 
divided  into  rectangular  cells  by  stakes,  or  "  palen,"  driven  into 
tlie  crossing  of  the  wiepen  and  round  the  edges.      Between  then 
branches  are  interwoven,  forming  wattlework  or  "  tuin  latten.* 
The  lower   layer    of  mattresses   is   termed    "  grondstuken,"  i 
ground  piece ;  the  next  layer  "  zinkstuken,"  or  sinking  pi« 
The  mattresses  are  held  in  place  by  piles  driven  through  tj 
mass  into  the  ground  below.     The  thickness  of  each  mattreas 
3  feet  3  inches,  and  the  cost  about  28.  Crf.  a  cubic  yard,  or  with  ti 
stone  about  "«.  per  cubic  yard. 

The  cost  of  lascine-work,  as  given  in  "  Waterbouw  Koode,' 
by  D.  J.  Stormbusijsing  in  1854,  is  for  mattresses  placed  belo» 
the  water,  and  164  foot  thick,  29'24c/.  per  square  yard.     For  • 


mattress  100  metres  long,  10  metres  broad,  and  0'50  thick, 
cost  then  was,  for  the   fascine-work,   £115o6,   and    for 
ii75o9.     This  is  equal  to  about  (is.  per  cubic  yard.       Since  ti 
however,  prices  have  considerably  risen. 

When  these  mattresses  are  used  for  the  construction  of  di 
the  ground  where  the  base  of  the  dam  is  to  be  placed  ia 
entirely  carpeted  with  them.  Two  walls  are  then  built  up  ^ 
mattresses,  the  space  between  being  filled  with  earth  (Fig. 
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ft  ground  tlie  whole  mass  gradually  settles  until  a  state  of 
obtained,  when  the  top  is  raised  to  the  original  level 
closing  the  "  Het  Schoeur  "  Channel,  forming  jiait  of  the 
for  the  improvement  o£  the  Maas,  several  mattresBes  were 

ling  2392  square  yards. 

le  great  dam  across  the  Zuyder  Zee  at  Schellingwoude,  in 

ition  with  the  North  Sea  Canal,  was  made  with  fascine 

es  on  the  exterior  sides,  filled  with  earth  in  the  middle. 

;th  of  this  dam  is  +4C0  feet.     The  slope  of  the  sides  is 

I  the  outside,  and  1|  to  1  on  the  inside.     The  average 

was  ^2  feet  high,  i:)l  feet  wide  at  the  base,  and  13  feet 

top. 

le  piers  for  directing  the  outfall  of  the  Ma&s  into  deep 
in  the  North  Sea  were  constructed  entirely  of  fascine- 
made  in  the  manner  described,  protected  by  stone.  These 
■were  found  to  be  elastic,  and  little  affected  by  the  shocks 
by  the  impact  of  waves.  They  were  also  economical,  and 
1i»ve  been  found  after  twenty  years'  experience  to  stand  the 
irear  and  tear  of  the  waves  of  the  North  .Sea. 

These  piers  were  completed  in  1874,  and  were  designed  and 
carried  out  under  the  direction  of  Mr.  Caland,  engineer  of  the 
Waterstaat.  The  north  pier  extends  for  6-560  feet,  and  the 
BOuth  pier  7544  feet.  They  terminate  in  a  depth  of  22  feet  at 
low  water,  the  rise  of  spring  tides  being  a\  feet.  The  width 
between  the  piers  at  the  sea  end  is  2950  feet,  contracted  by  a 
low  wall  to  2296  feet.  The  top  of  the  south  pier  is  about  the 
level  of  ordinary  high  water,  the  north  jetty  being  carried  to 
half-tide  level. 

The  pier.  Fig.  30,  was  constructed  in  the  following  manner ; 
The    base  course,  or   " grondstuken,"   projected   1966   feet   on 
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both  sides  beyond  the  course  above  it,  and  the  second  coarse  had 
a  aet-off  of  IGi  feet.  Tliese  "  berma  "  were  covered  with  stones, 
trerag^ng  half  a  ton  each.  Above  these  the  wall  was  built  with 
a  slope  averaging  1  to  1.     The  mattresses  were  82  feet  wide,  and 


3l6 


TIDAL   RIVERS. 


of  varying  leDgtLs,  but  averaging  about  164  feet,  and  from  I  foot 
4  inches  to  1  foot  S  inches  thick.  The  largest  m&ttreases 
had  an  area  of  1674  square  j'ards.  The  body  of  the  pier 
from  5  to  6  niattresaes,  averaging  with  the  stones  333 feet ( 
These  were  held  in  place  by  five  rows  of  piles  driven  IS 
through  the  mass  into  the  sand  below.  The  part  &ho%-e 
water  was  covered  with  largo  stones,  retained  in  their  place 
small  oak  piles,  the  ends  of  which  project  above  the  level  of 
work  for  the  purpose  of  breaking  the  force  of  the  waves, 
top  of  the  pier  is  29  feet  wide,  and  is  made  convex.  The 
jection  of  the  lower  mattress  at  the  sea  end  is  82  feet,  and  o) 
next  layer  4!)  feet,  both  being  well  covered  witli  stone.  The 
entire  cost  of  the  mattresses,  when  deposited  in  place,  including 
stone,  averaged  lie.  3rf.  per  square  yard,  or  1013s.  a,  cubic  yard, 
the  cost  in  this  case  being  much  increased  by  the  difficulty  in 
sinking  the  mattresses  in  the  open  sea.  The  cost  of  the  pien. 
averaging  144  f^s'  liigli'  ^^^  ^38  9a.  per  lineal  yard. 

The  construction  of  these  piem  has  been  a  complete  success, 
and  is  an  example  of  an  inexpensive  method  of  training  riven 
out  into  the  sea  which  may  be  safely  followed  on  sandy  coasfa. 
especially  where  stone  is  scarce  and  materials  for  the  construction 
of  the  fascines  abound. 

Further  details  respecting  this  work  will  be  found  in  the 
report  of  Major  Barnard  on  the  "  Improvement  of  the  Navigation 
from  Eotterdam  to  the  Sea,"  in  the  professional  papers  of  the 
Corps  of  Enginaei-s  U.S.  Army,  1872 ;  and  the  report  of  M. 
Desnoyers  on  "  The  Public  Works  in  Holland  "  (Paris,  1874) 
in  the  paper  by  Mr.  T.  C.  Watson  in  the  Proceedingt  /Mil 
C.E.,  vol.  xii.,  1874. 

The  training  and  contracting  the  tidal  channel  of  the  river 
Weser  from  Bremen  to  the  sea,  a  distance  of  43  miles,  reccnttj 
completed,  was  effected  by  inattreaa-work.  This  river  drum 
18,000  square  miles,  has  a  rise  of  tide  of  11  feet,  and  is  now 
capable  of  being  navigated  by  vessels  drawing  22  feet.  The 
training  walls  were  constructed  of  fascine  mattresses  66oS  feet 
long.  33-21)  feet  broad,  and  3-28  feet  thick.  When  made  they 
floated  1*64  foot  above  the  water,  and  were  towed  about  6  miles 
by  small  tugs  to  their  destination.  On  being  fixed  in  ihcit 
place  they  were  sunk  with  atones.  The  lower  mattresses  were 
7-4G  feet  wider  than  those  above,  so  that  at  each  side  they 
project  328  feet.     The  upper  layer  was  made  1476  feet  widft 
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e  walls  were  left  six  inches  above  low  water.  This  height 
s  given  to  allow  for  the  extension  of  the  tiJaJ  water,  and  to 
iure  the  walls  against  damage  by  waves  and  ice.  The  following 
intities  of  materials  have  been  used  on  tlic  works :   About 

million  cubic  yaids  of  fascines,  2  million  feet  run  of  piles. 
),000  bundles  of  willows;  100,000  cubic  yards  of  atone;  285 
IS  of  galvanized  wire,  which  made  1,235,000  cubic  yards  of 
ittresses  and  fascines.  The  cost  per  cubic  yard  for  the  finished 
ik  was  3s.  %d.  per  cubic  yard  for  materials,  and  2s.  8(Z.  for 
lOur,  together   6a.   hd.  a  cubic  yard.      The  stone  cost  about 

8<i,  per  cubic  yard. 

The  jetties  at  the  mouth  of  the  Mississippi  were  constructed 
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irely  with  fascine  raattres.ses.     This  river   drains  1,200,000 
2  miles,  and  discharges  in  floods  over  a  million  cubic  feet  of 
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wato-  a  second,  carri'iag  with  it  3O00  cubic  foet  of  solid  n 
On  spproacfaing  the  Golf  of  Mexico  it  is  separated  into 
branches,  and  di.'^hargea  its  water  by  seven  outlets,  formii^  i 
delta    which     measurai    Ij 


\^  miles  in  length  and  S  n 

X  in  width  (Figs.  31,  32). 

^  the  mouth  of  each  pass  ii 

shoal  or  bar.     In  the  Sontk 
West  Pass  the  depth  is  abmt 
'    13feet:atPassAL'0utre,ia 
feet ;  and  at  the  South  F« 
before   the    constmction  < 
the  jetties.  8  feet    The  delU 
advances  into  the  Gulf  at  ti 
rate  of  about  200  feet  a  yea 
Above  the  delta  the  chanad 
is  half  a  mile  wide,  and  h 
a  depth  of  from  50  to  301 
feet      The  rise  of  the  tid^ 
does  not  exceed  1  foot  6  inches,  is  too  small  to  have  ai 
in  checking  the  deposit  of  material,  which  is  contioui^ 


In  order  to  improve  the  depth  from  the  sea  into  this  n 
cent  river,  which  has  a  navigable  waterway  extending  on 
16,000  miles.  General  £ads  advised  the  training  of  one  of  til 
principal  outlets.  His  idea  was  that  by  confining  the  wiH 
within  defined  limits,  and  so  increasing  the  velocity,  the  tcoi 
would  become  sufficient  to  prevent  the  deposit  of  the  alluvia 
brought  down,  and  to  carry  it  into  the  deep  waters  of  the  Od 
of  Mexico.  He  further  undertook  to  carry  out  the  wor' 
necessary  to  effect  this  par  pose  without  receiving  pay  me 
unless  he  succeeded  in  obtaining  a  channel  200  feet  wide  ai 
26  feet  deep,  with  a  central  depth  of  30  feet  throughout 
very  great  opposition  bis  offer  was  Bnally  accepted,  but  he  wi 
compelled  by  the  Government,  against  his  own  Judgment,  1 
opei-ate  on  the  South  Pass,  which  was  the  smallest  of  the  thn 
main  outfalls. 

Before  the  workswerecommenced.the  waters,  on  approBcUa 
the  delta,  begaa  to  spread  laterally  over  the  submerged  land  lyin 
out  in  advance  of  the  mouth,  and,  its  current  being  enfeeUsdl 
it  was  no  longer  able  to  carry  its  load,  and  began  to  drop  it  upe 


I L 


I  bar,  which,  in  the  form  of  a  half-circle,  stretched  entirely 

round  the  mouth  of  the  pass  from  bank  to  bank.     In  the  central 

Urtion  of  the  outflowing  water,  the  velocity  of  the  current,  being 

tstained,  carried  its  load  further,  but  tinally  dropped  the 

Avier  particles  upon  the  ciest  of  the  bar  or  upon  its  outer 

&pe,  transpoi-ting  the  remainder  out  to  deep  water.    The  Hproad 

'the  current  as  it  issued  from  the  land  was  like  an  open  fan. 

Meral  Eads  closed  this  fan  by  constructing  two  parallel  jettioM 

nming  from  the  land  out  over  the  bar  to  the  deep  water  uf  tho 

olf,  a  distance  of  2^  miles.     It  was  estimated  that  when  tbetic 

s  were  completed,  it  would  require  one  hundred  and  twenty 

!  before  a  new  bar  would  be  formed,  if  the  circumstancvx 

nuined  the  same ;  but,  as  at  this  outward  point  there  exists  a 

I  littoral  current,  it  is  expected  that  the  sediment  will  be 

■ried  to  a  more  distajit  part  westwaivl  of  the  piers. 

The  slope  of  the  bar  going  outward  from  the  land  inclined 

imrd,  for  a  distance  of  about  1  ^  mile,  at  a  gradient  of  1  in  400 ; 

I  there  was  a  level  area  on  which  was  from  8  to  9  f«ct  of 

er  at  mean  high  tide,  and  then  a  downward  slope  of  1  in  tH) 

loa  depth  of  over  30  feet  in  the  Gulf.     At  nine  mile«  out  the 

h  is  600  feet,  and  this  continues  to  increase  until  a  depth  of 

mka  U  reached.     The  statutory  depth  was  obtained  in  1879, 

las  be«i  fully  maintained  since.     Nearly  the  whole  of  the 

rial  required  to  be  removed,  amounting  to  over  7j  million 

!  yards,  was  carried  away  in  four  years  by  acoor  alone. 

I  vdoeity  of  the  current  through  the  chano^  during  Baodtt 

•t  tiie  rate  of  tbre«  miles  an  boar,  decreMng  to  }  mile  at  the 

7  state  of  tbe  river.   Dredging  was  only  rewHted  to  for  the 

»  tt  removing  some  stiff  clay,  and  baatentog  the  woric  in 

The  total  removed  by  dredging  did  not  amoont  to  ooe 

t,  of  the  entire  qaaattty. 

wt  of  the  tran^Kirted  material  ham  been  depoaUed 

kthehacl£orthewallt,aQd  baa  extended  the  dMte 

Iftanis  the  sar&oe  becoming  covered  with  reeda  and 

b  Ufvaa  feet  ta^.and  Ae  weak  7800  fiwt, 
a  ndioi  of  15,000  feet    The  tnwaal  poanta  m 
MC  apart.    The  cActiTe  width  of  the  dMmid 
ii  ahovt  700  feet. 

wt  the  water  eaeapi^  too  faely  Ora^  the 
«e  aeeeseary  to  pbee  a  sD  or  earpetingef 
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wWff  eifiom  Ibe  works  at  the  beAd  of  the  Sooth  Pass,  and  aIJ 
MriM^MfoatlieSoUb-Wcstl^aBaadPMBA  L'Oatre.  HuJ 
are  ibowB  bjr  tbe  liocs  ob  the  pbn.  Fig.  32.  These  kUIs  wob 
bsttt  of  mttnjwmi  70  feet  kng,  30  fieet  wide,  sod  2  fe«t  thidJ 
Tbejr  were  laid  mde  by  nde  on  the  bed  of  tbe  cfaanael,  with  UuJn 
kagth  in  a  line  with  tbe  aiUB  of  tbe  eoRe&i,  so  that  the;  fonaoi 
a  eaq>cttug  70  feet  wide.  A  miMinii  dam  was  alao  placed 
aerow  tbe  Grand  Bsyott.  which  wan  300  feet  widt:  and  30  feetl 
deep.  By  tbLi  dain  the  ballc  i>r  the  water  was  directed  to  td 
ebannet  throagh  tbe  new  jetties.  I 

Tbe  method  of  constructing  the  jetties  was  as  foUowil 
Ouide  [(ileN  were  first  drirea  along  the  line  of  the  intendtfl 
pier,  and  a  caq>et  of  mattress- work  was  laid  in  advance  ta 
prevent  tbe  ecoaring  away  of  the  soil  as  tbe  chaonel  becanH 
c.-jatract««L  The  mattressee  tised  for  the  jetties  were  made  A 
willows  bronght  from  swamps,  the  distances  varying  iix>m  S5  la 
315  milett  ap  the  river.  These  were  weighted  with  stone  brou^H 
down  the  Ohio  river  from  a  distance  of  1320  miles.  The  tow 
quantity  of  these  materials  used  waa:  willows,  502,000  cabil 
yards ;  stone,  100,000  cubic  yards ;  gravel,  10,000  cnbic  yaid^ 
concrete,  4300  cnbic  yards;  piling  and  timber,  Xt  nullion  f«e( 
board  measure.  Tbe  plan  of  coastructtng  the  mattresses  wai 
different  to  that  pursued  in  Holland.  Along  the  bank  of  tbe 
heaj)  of  the  past  inclined  waj-s  were  built  at  right  angles  to  the 
shore,  and  extending  back  from  the  river  50  feet;  these  aloptd 
up  from  the  river  about  6  feet^  The  timbers  of  the  ways  wa? 
spaced  (J  feet  apart  On  these  ways  a  framework  of  wood  wn 
first  made,  consisting  of  timbers  G  X  2J  inches  laid  across  Uie 
ways  for  the  full  length  of  the  mattrc-ss,  100  feet,  and  joineii 
together  by  a  cover  piece  6  feet  loog.  For  a  mattress  W  feet 
wide  nine  of  these  strips  were  laid  on  the  frame  ;  1  J-inch  holes 
5  feet  apart  were  bored  through  the  runners,  and  hickorj-  pin*, 
30  inches  long  for  a  mattress  2  feet  thick,  driven  in  and  secured 
by  pins.  The  willows  were  then  taken  from  the  barges  alon^da, 
and  laid  on  the  frame  in  alternate  directions  in  layers  of  6  iudui 
thick.  Fir  runners,  similar  to  those  used  at  the  bottom,  wen 
then  placed  on  the  top  and  pressed  down  with  levers,  and  held 
in  their  place  by  rods  and  pins  driven  through  the  hickory  pegs. 
The  mattress  thus  completed  was  then  launched  like  a  boat,  and 
towed  floating  to  its  place  along  the  line  of  the  jetties  by  ■ 
steam-tug. 
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\  After  being  fixed  in  position,  a  barge  loaded  with  stone 
B  placed  alongside,  and  the  stone  distributed  evenly  over  the 
tttress  until  it  sunk  to  the  bottom  (Fig.  33).  The  last  mattress 
B  built  in  its  place  on  the  jetty  at  low  tide.  One  cubic  yard 
I  stone  wag  used  to  about  532  cubic  yards  of  fascines.  At  the 
\  end  some  of  the  mattresses  subsided  about  18  feet  below  the 
tfaca  The  foundation  course  was  from  3i  to  50  feet  wide, 
X)rding  to  the  depth  of  the  water,  the  top  diminishing  to 
I  feet.  Along  the  line  of  the  jetties  wing  dams  were  run  out, 
bending  at  right  angles  into  the  channel,  narrowing  it  from 


)  to  700  feet.     The  object  of  these  was  to  locate  the  deep- 

ter  channel   midway  between   the  jetties,  and  to  induce  a 

sit  of  sediment  to  protect  the  foot   of  the  walls.     These 

nrs  were  spaced  COO  feet  apart.     They  were  built  by  driving 

row  of  piles  out^from  the  jetty  line,  aud  resting  mattresses  on 

e  against  them. 

As  the  mattresses  were  fixed  in  place,  the  river  deposited 
liment  amongst  and  behind  them,  raising  the  bottom  of  the 
r  to  their  level,  and  securing  the  works  against  the  waves, 
i  rendering  them  impervious  to  the  lateral  flow  and  escape  of 
i  river  water.  The  top  of  the  mattresses  was  weighted  with 
me,  and  in  the  most  exposed  parts  at  the  sea  end  of  the  east 
fcty,  where  the  sea  was  the  heaviest,  with  blocks  of  concrete 
Ighing  from  20  to  70  tons.  During  storms  the  waves  were 
ficiently  powerful  to  remove  the  mattresses  even  when 
ighted  with  blocks  o£  stone  weighing  from  1  to  2  tons.  On 
e  occasion,  during  a  cyclone,  concrete  blocks  weighing  28  tons 
e  lifted  out  of  their  place. 

The  walla  have  subsided  since  their  first  construction  1'2S 

foot,  but  since  they  have  become  buried  in  deposit  no  harm  has 
been  done  to  them. 

The  scouring  and  deepening  of  the  channel  followed  on  with 
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the  cooBtructioQ  of  the  walls.  Commenciiif;  from  Hay,  187 
the  distance  between  the  12-feet  depth  of  water  on  Uio  ina 
and  outaide  of  the  bar  was  4300  feet.  In  FebruBr>-,  1876,  ti 
had  disappeared,  and  the  distance  between  the  lo-feet  d^ 
was  5900  feet.  This  had  disappeared  by  the  following  A[iifl 
and  the  20-feeb  depth  extended  9600  feet.  This  had  diaappeu« 
in  the  following  August.  The  distance  then  between  \ 
26-feet  depth  was  11,700  feet,  and  this  was  gone  in  March,  1874 
The  whole  length  between  the  30-feet  depth  was  12,000  feel 
and  this  wa'i  all  gone  in  July,  1879,  when  there  was  i 
30  feet  deep,  with  a  minimum  width  of  45  feet  from  deep  wa( 
in  the  pa<is  to  deep  water  in  the  Gulf,  the  channel  varying  ii 
depth  from  30  to  75  feet.  The  channel  has  gone  on  improtiiM 
there  being  now  a  good  navigable  waterway  nearly  100  I 
wide  and  30  feet  deep,  with  a  depth  of  26  feet  over  240  fed 
The  annual  surveys  of  the  Gulf  show  that  very  little  ahoi 
has  been  going  on. 

A  detailed   account   of  these  works  will   be  found  1 
"  History  of  the  Jetties  at  the  Mouth  of  the  Mis-sissippi  Riveq' 
written  by  Mr.  E.  L.  Corthell,  the  resident  engineer ;  and  abstr 
of  the  reports  of  the  Government  engineers  as  to  the  conditii 
of   the  channel  and  of  the  Gulf  out»ide  will  be  found  in  ti 
Proceeding"  of  the  InstUution  of  Civil  Engineers. 

A  somewhat  similar  plan  was  adopted  for  the  constructJoa  o 
the  jetties  at  Tampico  for  removing  the  bar  at  the  mouth  of  thi 
Fanuco.  This  river  empties  into  the  Gulf  of  Mexico  i 
miles  below  the  city  of  Tampico,  and  drains  43,000  aqoare  m 
Between  Tampico  and  the  mouth  the  channel  is  wide  and  li 
The  banks  are  1300  feet  apart,and  there  is  a  deep-water  chi 
of  30  feet,  a  depth  of  20  feet  extending  over  a  width  of  800  fi 
There  is  no  delta,  but  at  the  mouth  there  was  a  bar  composed  d 
sand  and  fine  shelU.  The  depth  on  the  crest  of  this  bar  vwnti 
from  6  to  10  feet.  The  distance  fiom  the  shore-line  to  a  dqitt 
of  22  feet  in  the  Gulf  was  7000  feet.  In  1888  the  Me« 
Central  Railway  Company  determined  to  improve  the  entr 
to  the  river,  and  thus  provide  access  for  large  ships  to  the  fini 
natural  harhonr  inside,  and  a  connection  between  the  railway 
and  the  sea.  The  works  were  entruated  to  Mr.  E.  L.  Corthe^ 
who  had  carried  out  the  Mississippi  jetties  for  General  Eads.  Tw 
parallel  jetties,  1000  feet  apart,  were  run  out  from  the  shun 
7000  feet  to  the  deep  water  of  the  Gulf,  having  a  direction  oetAf 
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lal  to  the  shore-line  and  directly  so  to  the  Gulf  currents, 
bties  are  composed  of  fascine  mattvQBaes  and  stone  sirailai- 
le  used  in  the  MiH-sissippi,  but  not  constructed  on  shore. 
nmway  connected  with  the  railway  wns  run  out  from  the 
e.and  continued  along  the  jetty  as  it  advanced.  Tlio  Lruah- 
1  and  stone  for  the  mattresses  were  carried  on  this  tramway 
\  movable  trestle,  on  which  they  were  built  and  dropped 
I  their  place,  the  piles  being  driven  by  an  overhanging 
mgine  in  advance  of  the  work.  As  the  works  were  carried  sea- 
ward and  the  base  of  the  jetty  became  wider,  the  trestles  were 
also  moved  forward  and  widened,  so  that  at  the  outer  ends 
mattresses  84  feet  in  width  and  5  feet  thick  were  built  iix  ttiiv, 
and  dropped  from  the  trestles.  The  bar  has  been  al  most  entirely 
removed  by  the  increased  scour  of  the  current,  one  and  a  half 
million  cubic  yards  of  sand  having  been  scoured  away  by  the 
current.  Vessels  which  fonnerly  had  to  anchor  outside  iu  the 
Gulf  are  now  able  to  proceed  up  the  river.  The  channel  for 
nearly  the  entire  length  between  the  jetties  has  been  deepened 
from  %  to  30  feet.  Sand  has  accumulated  on  the  flanks  of  the 
jetties,  and  on  the  north  side,  which  serves  to  break  the  heavy 
seas  that  sweep  across  the  Gulf  and  on  to  the  jetty  during  gales, 
which  are  very  heavy  from  that  direction. 

Similar  works  have  also  been  carried  out  by  Mr.  Corthell  in 
the  Brazos  river,  Texas,  under  a  charter  obtained  by  a  company 
from  the  United  States  Government  in  1SS8,  and  have  resulted 
in  deepening  the  bar  of  this  river.  The  Brazos  drains  30,000 
square  miles,  the  discharge  varying  from  2000  cubic  feet  a  second 
in  dry  weather  to  CO.OUO  in  floods.  The  amount  of  sediment 
carried  ia  very  small  at  the  low  state  of  the  river,  rising  to  one 
in  400  in  very  heavy  floods.  The  average  width  of  the  river  in 
the  last  20  miles  before  reaching  the  Gulf  is  about  500  feet,  with 
a  depth  of  about  20  feet.  The  river  begins  to  shoal  near  the 
mouth,  leaving  only  5  to  7  feet  on  the  crest  of  tht;  bar  in  the 
Golf,  at  a  point  4000  feet  from  the  land.  The  littoral  current 
flowing  westward,  and  the  action  of  the  waves  upon  the  bar, 
have  prevented  the  formation  of  a  delta,  tlie  detritus  brought  down 
the  river  being  carried  oH'  by  the  Gulf  currents.  On  a  survey 
of  the  outfall  being  made,  it  was  foimd  that  the  outer  Itj-foot 
curve  was  practically  in  the  same  position  as  it  was  thirty  years 
previously,  and  this  had  been  maintained  iu  the  face  of 
aniUion  tons  of  sedimentary  matter  thrown  out  into  the  Gulf. 
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Before  tfa«  works  were  commeooed  there  was  only  1}  fool  i 
water  acnan  the  line  of  the  proposed  chaimiel,  and  the  ( 
^^niml  oat  to  aea  was  a  erooked  one,  and  in  this  there  wh  i 
depth  of  only  5  feeC  The  jetties  were  pushed  ont  ocroM  th 
sboal  on  the  intended  lines,  and  the  channel  closely  followed  ttj 
advance  of  the  worlu.  The  jetties,  whieJi  are  5400  feet  lat| 
and  4  feet  above  mean  high  water,  give  an  effective  widtli  tj 
&50  feet.  They  were  built  of  brash  made  into  mattreases  nd 
wei^ted  with  stone.  The  jetties  were  )>applemented  by  abait 
groynes  bailt  out  at  right  angles  for  the  [lorpose  of  produdif 
deposit  along  the  foot,  and  Mlidifying  the  £ascine-work  and  proi 
tecting  it  from  erosion  of  the  flood  cuTTent&  In  the  cooneof  ft 
very  short  time  steamers  drawing  IC  feet  were  able  to  t 
between  the  jetties  and  proceed  to  Velasco,  four  miles  np  tht 
river.     A  depth  of  20  feet  will  be  ultimately  obtained. 

For  training  the  upper  part  of  the  Mississippi  near  St  Gloii^ 
where  it  is  split  up  into  a  number  of  channels  by  a  gravel  faar.a 
fascine  dam  was  used  constructed  in  the  following  manner:  Hh 
length  of  the  dam  was  2d00  feet;  the  average  height,  330 fcM; 
and  the  cubic  contents,  7225  yards.  The  fascines  used  varied  il 
diameter  from  9  to  18  inches,  and  in  length  from  15  to  22  feei 
One  row  was  placed  across  the  bottom  parallel  to  the  correal 
brush  ends  upstream,  and  staked  down.  A  single  row  mi 
then  placed  lengthwise  of  the  dam  about  3  feet  upstream  &M 
the  butts,  and  staked  through  each  bundle  under  it  GriTti 
was  then  filled  in  to  cover  the  tops  of  the  lower  row  and  mahat 
plane  surface  to  the  transverse  fascines.  The  succeeding  c 
were  placed  parallel  to  the  current,  except  where  the  dam  wi 
unusually  high,  when  another  transverse  course  was  placed,  cai 
being  taken  to  have  at  least  one  course  parallel  to  the  curra 
when  the  dam  was  finished.  The  whole  was  covered  wit 
gravel  carried  horizontally  about  6  feet  upstream.  The  £a!ciiu 
constituted  about  'A\i\  per  cent,  of  the  mass.  The  cost  wH! 
9fl.  9d.  per  lineal  foot,  or  48.  a  cubic  yard ;  34  per  cent  of  Ui»' 
cost  was  for  gravel,  24  for  stakes  and  driving  them,  and  42  p« 
cent,  for  making  and  placing  the  fascines.  {Trwiis.  jinimoH 
Society  of  Civil  Engiiiecra,  vol.  vi.) 

For  the  improvement  of  the  entrance  of  Galveston  harbon 
where  was  a  bar  with  11  feet  of  water,  a  pier  was  construct 
1200  feet  long.  Piles  were  first  driven,  and  then  a  carpet  0 
mattresa-work  was  sunk  with  stones,  and  on  Uiis  boxes  nude  i 
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ood  &nd  1)asket-work  IS  feet  long  by  6  feet  wioe  and  6  feet 
igh.  These  boxes  were  floated  into  position,  and  sunk  by 
umping  in  sand.  The  cost  per  foot  run  was  SSe.  The  south 
ier  was  further  extended  by  mattresses  ranging  from  120  to 

0  feet  wide,  diminishing  at  the  top  to  l.j  feet.  The  cost 
ler  cubic  yard  of  jetty  was  12s„  the  stone  having  to  be 
onveyed  over  100  miles,  and  the  fascines  50  miles. 

The  channel  at  the  outfall  of  the  Columbian  river  on  the 
lorth-west  coast  of  America  was  formerly  very  capricious 
n  location  and  variable  in  depth.  The  depths  were  usually 
mm  19  to  21  feet,  and  the  channels  varied  in  number  from  one 
J  three,  and  in  location  through  nearly  ISO  degrees  from  Cape 
(iaappolntment  to  Point  Adams.  There  is  now  a  straight  out 
rid  in  channel  having  a  width  of  a  rjuarter  of  a  mile,  with  a 
epth  nowhere  less  than  29  feet,  and  for  a  width  of  a  mile 
7  feet.  The  training  works  were  commenced  in  188+,  and  it  is 
mtcmplated,  when  they  are  completed,  to  have  nowhere  less 
lan  30  feet  over  the  bar  at  low  water.  The  rise  of  spring  tides 
aries  from  3  to  8  feet.  The  training  works  consist  of  a  jetty 
sing  4  feet  above  mean  low  water,  starting  from  Fort  Stevens 

1  the  South  Cape  and  extending  in  a  westerly  direction,  with 
slight  curve  to  the  south  across  Clatsop  Spit  for  a  distance  of 
x>ut  4^  miles.  This  jetty  is  constructed  of  stone  resting  on  a 
ftttress  foundation  about  40  feet  wide,  and  from  2^  to  o  feet 
lick.  The  stone  was  placed  in  position  by  trucks  running 
1  a  jetty  tramway  supported  on  piles  driven  along  the  line  of 
le  training  wall  24  feet  above  the  level  of  the  water.  There  was 
double  track  of  3-feet  gauge.  The  effect  of  this  training  wall 
as  been  very  marked  in  concentrating  the  water  on  the  bar, 
ad  by  increasing  the  scour  in  deepening  the  channel.  Since 
le  commencement  of  the  work  in  1884  there  has  been  used 
78,890  tons  of  stone.  The  cost  of  the  tramway  has  been  27". 
er  running  foot,  and  of  the  mattress-work  about  18s.  9d.  per 
neol  foot.  Experience  has  shown  that  it  is  necessary  to  carry 
be  wall  to  4  feet  above  low  water,  as  the  first  half  of  the  tides 
owing  across  the  wall,  either  at  ebb  or  flood,  took  the  sand 
rith  them  and  scoured  channels,  especially  where  there  were 
>w  places  in  the  wall.  It  is  only  by  raising  the  wall  above 
jw  water  that  this  can  be  prevented. 

Btone  Training  Walla. — Training  walla  are  frequently  con- 
tnicted  of  rubble  stone,  the  stone  being  tipped  into  the  water 
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in  the  line  or  the  tnunii^  wall,  and  allowed  to  take  its 
sbi^ie.  This  it  generally  does  bj  afisaming  a  slope  of  froD  ^ 
to  1|  to  1.  It  is  difficult  to  estimate  the  amoant  of  itoi 
required.  If  mneb  seoar  goes  on,  as  in  the  caae  of  the  Oa 
hereafter  dewribed,  the  base  may  sink  to  a  great  depth  fadti 
low  water.  Where  there  is  not  much  scour  round  the  enrf  of 
the  walls,  it  has  been  found  as  a  matter  of  experience  that  tl« 
stones  do  not  settle  below  the  bed  of  the  channeL  For  Uw 
training  walls  on  the  Tees  slag  from  the  iron  furnaces  was  vaj 
extenaively  u»ed,  clay  being  mixed  with  the  slag  at  tint,  bit 
this  was  found  to  be  unnecessary.  The  ironmasters  were 
at  the  starting  paid  ^d.  per  ton  for  the  slag,  but  subaeqaentl^ 
they  paid  the  commissioDers  4<f.  per  ton  for  removing  li» 
alag  from  their  works.  The  walls  were  constructed  by  trainigf 
punts  200  feet  long,  with  loads  of  100  tons,  laid  alongside  a  li 
of  guide  piles,  driven  about  100  feet  apart.  The  slag  was  Ihroi 
into  the  water  on  the  site  of  the  intended  wall  until  it  « 
brought  up  to  the  required  height  After  the  walls  thni  oa 
structed  had  remained  for  a  year  and  had  taken  their  bearing,  tk 
were  again  made  up  to  the  proper  level.  These  walla  varied 
depth  from  12  to  40  feet,  and  rise  from  4  to  7  feet  above  k 
water.  They  assumed  a  slope  of  1  to  1  below  low  water  on  t 
channel  side,  but  sank  vertically  in  the  sand  at  the  back.  Thtfa 
total  length,  including  cross-groynes,  is  nearly  20  miles,  and  ttten 
cost  £50,000.  varying  as  the  square  of  the  depth,  (Fowler 
".The  Tees,"  Pnjc.  Inst.  C.E.,  vol  xc.) 

In  the  works  carried  out  by  Mr,  Bartholomew  for  improvii| 
the  river  Ouse  between  Goole  and  Trent  Kails,  the  training 
were  made  of  slag  brought  from  Middle's  bo  rough  in  steam-hoi^ 
vesselB  specially  constructed  for  tlie  pui-pose.  Two  of 
carried  2.50  tons  each,  and  the  other  four  450  tons  each,  the  totd 
cost  of  the  six  vessels  being  £50,000.  The  alag  was  dclivenl 
from  the  blast  fumace-s  into  the  hoppers,  and  about  two  mllli 
tons  was  altogether  used.  On  arriving  in  the  Ouse,  the  vtm 
were  moored  to  piles  placed  at  regular  intervals  along  tbelj 
of  training,  Ihe  hoppers  opened,  and  the  slag  discharged  on 
the  site  of  the  wall.  The  height  of  the  walls  averaged  abc 
12  feet,  but  in  the  sharpest  part  of  the  bend  the  river  « 
scoured  out  to  a  depth  of  from  40  to  50  feet  at  low  water,  Thl 
top  of  the  walls  is  about  level  with  high  water  of  ne*p  tiAa, 
and  varies  from  4  feet  6  inches  to  6  feet  in  width,  the 


>eing  aboat  IJ  to  1.  The  result  of  the  training  was  to  deepen 
ihe  river  very  considerably,  a  large  amount  of  silt  being  scoured 
out  from  the  channel.  Tlie  walla  were  placed  about  700  feet 
apart  at  the  ujiper  end,  the  width  gradually  increasing  downwards. 

The  training  walls  of  the  Ribble  were  constructed  of  stone 
oUained  from  quarries  up  the  river,  which  cost  3^.  5d.  a  cubic 
jard  delivered  on  to  the  walls.  In  the  lower  walls  a  targe 
4)nai)tity  of  red  sandstone,  obtainetl  from  the  excavation  of  the 
Jock,  was  used  for  this  purpose.  The  cost  of  sorting  out  this 
atone,  hoisting  and  placing  it  on  the  walls,  was  2«.  3(^  a  cubic 
y»rd.  The  hard  eiay  th-edged  out  of  the  river  was  also  used 
md  deposited  in  the  line  of  the  training  walls,  being  faced  with 
Btone  above  the  water-line. 

The  training  walls  on  the  Seine  were  made  of  rubble  chalk 
obtuned  from  cliffs  adjacent  to  the  river.  The  chalk  was  tipped 
into  the  channel  along  the  line  of  the  Intended  wall  from  barges, 
md  levelled  to  au  even  face  above  the  low-water  line.  The  top 
d  the  walls  was  made  CJ  feet  wide,  with  slopes  of  1  to  1  on  the 
BJid  side,  and  varying  on  the  river  side  from  1^  to  1  to  8  to  1, 
ccording  to  the  force  of  the  current  These  walls  were  carried 
ip  to  the  level  of  high  water.  The  chalk  cost  on  an  average 
B.  1J</.  per  cubic  yard  in  the  bank. 

Pile  Work  and  Stone. — The  method  adopted  for  training  the 
>ulina  mouth  of  the  Danube  through  the  delta  into  the  Black 
>ea,  was  by  first  driving  piles  in  the  line  of  the  training  and 
Dclosing  the  space  between  with  planking,  behind  which  rubble 
tone  was  thrown  up  to  the  level  of  the  surface  of  the  water. 
Subsequently  this  temporary  training  was  converted  into  a  solid 
oncrete  wall,  the  rubble  mound  forming  the  base  for  the  concrete. 
!T)C  piers  were  projected  well  beyond  the  line  of  littoral  drift, 
lie  channel  over  the  bar  between  the  two  lines  of  the  jetties 
ieepened  by  scour  from  7  to  20J  feet,  which  depth  has  since 
leen  maintained.  Both  in  the  Danube  and  the  Mississippi  the 
loallest  branch  wa.s  selected  for  training.  In  both  cases,  while 
he  area  of  the  new  channel  ia  ample  for  the  navigation,  there 
!  less  chance  of  the  bar  beiag  formed  again,  as  the  amount  of 
etritus  brought  down  ia  considerably  less  than  in  the  larger 
ranches,  and  is  therefore  more  readily  transported  away  by  the 
M8t  current. 


1/ 


I 

i 


CHAPTER  X. 


IHSEDGIXa 


Although  in  some  inntanees  a  ehaimel  can  be  deepened  bj 
nataral  secrar,  yet  where  the  maieriml  is  hard,  or  where  tk 
quantity  to  be  removed  is  hvge,  dredging  has  almost  inyariaUj 
to  be  resorted  to. 

The  simplest  form  of  dredging  is  that  where  the  maieriils 
im\j  broken  np,  loosened,  and  disintegrated,  and  left  to  lie 
transported  oat  of  the  diannel  by  the  carrent. 

In  other  cases,  the  material  is  pnmped  np  or  raised  by  bodceli 
and  discharged  by  pipes  or  trooghs  on  to  the  adjaoeot  lani 
OeeaHionally  the  material  is  discharged  into  barges,  from  wbidi 
it  is  thrown  into  the  place  of  deposit  by  hand ;  but  in  the  greii 
majority  of  cases  the  material  has  to  be  carried  out  to  set  in 
hop[>er8,  or  the  dredger  itself  both  lifts  and  transports  tk 
raateriaL 

The  amount  of  work  done  and  the  cost  is  generally  calcalated 
either  by  the  weight  raised  and  transported  in  the  hoppers,  or 
by  the  cubic  contents  of  the  hoppers.  Neither  of  these  resolti 
gives  the  actual  cost  of  the  work  done  in  enlarging  the  section 
of  the  channel,  as  the  quantity  conveyed  by  the  hoppers  varies 
from  the  quantity  as  measured  in  situ,  sometimes  to  a  very  laige 
extent.  In  estimating  the  cost  of  dredging,  the  most  convenie^ 
plan  seems  to  be  to  calculate  it  by  the  ton  conveyed,  and  estimate 
the  relation  that  this  bears  to  the  material  in  sitn,  so  as  to  aime 
at  an  estimate  of  the  actual  cost  of  completing  the  reqmred  woik. 
Where  the  material  to  be  operated  on  is  clay  or  stiff  materiti, 
the  relation  between  the  quantity  conveyed  away  and  the 
cjuantity  in  fdtu  piay  be  calculated  sufficiently  closely  to  enable 
a  fairly  reliable  estimate  to  be  made,  and,  if  desired,  reliabk 
contracts  may  be  obtained  based  on  the  quantity  measured  bm 
the  sections  as  the  work  goes  on,  or  before  commencing  uA 
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fcer  eompletiun.  In  the  latter  case  the  contractor  takes  all  risk 
\  Imving  removed  material  washed  into  the  dredged  portion 
'  the  channel.  Where,  however,  the  material  is  running  aand 
iinud,  it  is  not  practicable  to  obtain  estimates  based  on  sectional 
Basurenients,  and  attempts  made  to  do  this  liave  resulted  in 
te  conti-actors  finding  that  the  quantities  have  very  largely 
Iceeded  the  estimates,  and  they  have  either  completed  their 
ntracts  at  a  heavy  loss,  or  been  relieved  from  them. 

The  method  of  calculating  the  cost  from  the  ([iiantity  carried 
f  the  barges  is  open  to  the  objection  that  the  weight  removed 
iclades  a  certain  quantity  of  water,  and  that  the  result  depends 
1  the  returns  made  by  the  captain  of  the  dredger,  the  temptation 
rturally  existing  on  the  part  of  all  concerned  to  make  the 
Umtity  as  large  as  possible. 

Veiy  little  information  is  to  be  obtained  from  the  various 
(Counts  of  dredging  operations  as  to  the  relation  which  the 
lantity  transported  away  bears  to  the  sectional  enlargement 
\  the  channel,  or  as  to  that  which  a  ton  of  material  bears  to  a 
ibic  yard. 

Mr.  Deas  gives  as  his  experience  on  the  Clyde  that  quiek- 
nd  as  taken  from  the  buckets  weighs  121  lbs.  to  the  cubic 
Ot  Mr.  Fowler  on  the  Tees  found  that  sand  weighed  112  lbs. 
I  the  foot,  and  mud  101  82  lbs.  Clay  is  generally  reckoned  as 
sighing  109  lbs.  per  cubic  fuot.  Taking  sand  at  an  average  of 
[5  lbs.,  there  would  be — 

Csblc  fHt  Tdiu  In  ■  Multiplier  \a 

and 19-47  138  0-72 

Knd      ...  ...    2200  1-23  0-81 

Cl»y      ...  ...  ...  ...     20-55  1-31  0-76 

When  the  material  to  be  removed  is  soft  mud,  and  a  strong 

Frent  running  in  the  river,  the  quantity  as  taken  from  sections 

le  from  measuremeuts  of  the  channel  forms  no  guide  as  to 

quantity  to  be  actually  removed.     Thus,  in  dredging  carried 

tor  improving   the  appi-oaches  to  Grangemouth   Dock,  the 

rtions  showed   432,000  cubic   yards   as   the  quantity   to   be 

lOved   to  deepen  and  enlarge   the  channel   to   the  required 

iNiaions.     After  dredging  for  eighteen  months,  650,000  cubic 

rds,  as  measured  in   the  barges,  had  been  removed,  but  as 

inred  in  si'^u,  the  quantity  was  found  to  be  only  200,000  cubic 

dredging  for  the  approach  to  the  Albert  Dock  on  the 
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Thames,  the  quantity  as  measured  in  the  barges  waa  found 
be  four  times  that  measured  in  situ.     In  both  these  cases  th 
material  to  be  dealt  with  was  soft  mud. 

In  dredging  for  the  new  Ship  Channel  in  New  York  harbour 
an  opposite  result  was  obtained.  The  material  dredged  coiuisMd 
of  sand,  clay,  and  mud,  which,  when  it  became  agitated 
incorporated  with  the  water  by  the  action  of  the  pumps,  setlisj 
so  slowly  in  the  barges  that  a  portion  went  overboard,  andtm 
carried  by  the  currents  beyond  the  channel.  The  amoant  u 
measured  in  the  barges  was  only  TA  per  cent,  of  that  aetuillr 
removed,  as  ascertained  from  the  increased  sectional  area  uf  lt« 
channel. 

In  dredging  in  hard  boulder  clay,  the  author  found  that  V48 
barge  tons  represented  one  cubic  yard  of  material  as  meastui ' 
from  the  sections  of  the  river;  and  in  dredging  soft  mud  out 
a  dock  by  a  Priestman  grab  into  barges,  he  found  that 
1  -58  barge  tons  represented  a  cubic  yard  of  material  as  meuun 
by  careful  soundings  as  the  work  went  on,  the  depth  of  the  im 
being  223  feet. 

In  Dunkirk  harbour  the  difference  between  the  quantity 
material  as  measured  in  the  section  and  in  the  barges  vaii 
from  25  to  ■io  per  cent,  according  to  the  age  of  the  deposit 

At  Aberdeen,  in  dredging  in  clay  with  boulders,  gravel,  ai 
mud,  Mr.  Cay  estimated  that  one  ton  represented  18  cubic  (M 
of  solid  ground,  or  IJ  barge  tons  to  a  cubic  yard. 

In  dredging  at  the  Sulina  mouth  of  the  Danube,  it  was  fonod 
that  a  100-ton  barge  with  hopper  capacity  of  90  cubic  ytrdi 
represented  Go  cubic  yards  measured  in  situ,  or  1'54  ton  to  Uh 
cubic  yard  in  situ. 

Cost  of  Dredging. — The  cost  of  dredging  varies  very  coneitlt 
ably  according  to  the  circumstances  under  which  the  work 
performed.  Where  a  sufficiently  large  amount  of  material  li 
to  be  removed  to  wanant  the  purchase  of  plant  and  the  emplq 
ment  of  a  regular  staff,  dredging  in  sand  can  be  done  with  sen 
hopper  suction  dredgers,  including  transport,  wages,  coals,  repai 
and  ail  expenses  except  interest  and  repayment  for  plant,  at  Ij 
per  ton ;  with  screw  hopper  bucket  dredgers  working  in  fl 
materia],  at  about  2\d. ;  and  with  stationary  bucket  dredgers  at 
steam  hoppers,  the  cost  may  be  taken  at  aboutSJrf.  With  hit 
plant  and  for  small  quantities,  the  price  will  reach  as  much 
li«.  Gd.  or  even  2s.  per  ton.     The  cost  of  dredging  may  be  diviifaj 
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into  four  principal  items :  the  cost  of  raising  tho  nuUerial 
iaclading  coal  and  labour ;  transport ;  repairs  and  maintenance ; 
and  an  allowance  for  interest  on  the  capital  ontlav  and  the  depre- 
ciation of  plant.  The  item  of  interest  may  be  taken  at  4  per 
cent ;  depreciation  is  generally  reckoned  at  10  per  cent,  on  the 
cost  of  the  plant.  Repairs  and  maintenance  are  always  indnded 
in  the  current  expenses ;  they  vary  with  the  kind  of  machine,  and 
may  be  taken  at  about  one-third  to  one-fiflh  of  the  total  cost 
uf  dredging  and  transporting  for  stationary  dredgers  and  hopper 
ba^s,  and  less  for  hopper  dredgers. 

In  addition  to  the  actual  cost  of  the  repairs,  there  is  also 
considerable  loss  of  time  in  replacing  the  pins  of  buckets  and 
other  working  parts  of  the  machinery.  This,  however,  may  now 
be  considerably  reduced  by  the  use  of  manganese  steel.  Pins 
made  from  this  material  used  on  the  dredgers  working  at  Preston 
showed  a  wear  of  only  \  inch  at  the  end  of  ten  months,  the 
ordinary-  steel  pins  previously  in  use  lasting  only  about  three 
months  before  requiring  to  be  renewed.  A  cast-steel  whelp  on 
t)ie  top  tumbler  on  a  dredger  used  at  the  Hull  and  Bamsley 
Dock  showed  a  wear  of  only  ^  inch  in  thirteen  months,  the  cast- 
steel  whelp  previously  in  use  having  worn  down  1^  inch  in 
the  same  period. 

The  cost  is  much  increased  when  dredging  has  to  be  done  in 
an  open  estuai7,  especially  with  stationary  dredgers.  Frequently 
during  stormy  weather  operations  can  only  be  carried  on  for  a 
few  hours  in  the  day,  and  during  only  a  few  months  in  the  year, 
whereas  in  a  wide  river  the  work  may  proceed  continuous!)-  day 
and  night.  In  Carlingford  Lough,  although  the  machine  was  so 
constructed  as  to  be  able  to  lie  at  anchor  on  the  site  of  dredging 
when  not  able  to  work,  yet  the  working  time  during  the  three 
years  the  dredging  proceeded  varied  from  G7  to  131  days  In  a 
year.  On  many  of  these  days  the  dredging  could  only  be  carried 
on  for  two  or  three  hours. 

The  distance  to  which  the  material  has  to  be  conveyed  has 
also  a  considerable  bearing  on  the  cost. 

Where  plant  has  to  be  hired,  the  coat  of  removing  it  from  one 
port  to  another,  including  towing,  insurance,  etc.,  is  very  heavy.  As 
an  example  may  be  quoted  the  figures  given  by  Mr.  Capper,  as  the 
cost  of  hiring  dredging-plantfrom  theTynefor  the  improvement 
of  Swansea  harbour.  This  plant  consisted  of  one  dredger  valued  at 
£S5,000   and  five  hoppers  at  £1500  each.     The  distance  each 
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waj^  «w  800  nailM.    Tbe  towing  cost  .^000;  insomMe,  £1554 

ptefiumhoppen^etfc.  far  Wit,  wgM.«Bd  other  cxpeiiMi,fl8ft4 
ft  total  of  f^lSfbrthejoamejrbathwsjrs.  The  rent  paid  « 
£100  ft  week  for  the  drei^er,  ud  £»  for  e«di  of  the  hopp«q 
Tbe  ({BftDti^  erf  BMteriftl  RiBOved  daziog  the  aix  mooithB  tUa  pin 
waft  in  ON  WW  336.76S  tons.  The  hiring,  fetdung^ftiHlretuniiq 
tbe  pbai  added  371dL  per  ton  to  the  net  of  dredgii^  t' 
nstaiaL  Where  ptant  hu  to  be  hired,  the  oae  of  aoev  h(^ 
dredgen  has  a  gteat  adravtage  over  stationajy  dredgees,  as  tbajr 
can  proceed  under  th^  own  steam  to  their  jjace  of  destioatioa. 

Dredgera. — The  typee  of  dredgen  in  tue  may  be  dividal 
into  stftUonaiy  bocket-laidder  dredgen;  grab  dredgen;  pnnp 
or  mctaoti  dndgers,  GOQ»tnicted  either  aa  stationaiy  or  haip^ 
dredgen ;  eroding  and  Bcoaring  dredgen ;  roek-breddog 
dredgen.  The  ntationary  backet  dredgen  are  divided  ialt 
two  clashes,  having  respectively  nn^e  or  doable  ladden. 
Bdvantage  is  claimed  for  tbe  latter  when  the  work  is  large  ia. 
quaottty  and  the  material  of  a  heavy  character,  and  also  a 
account  of  their  being  able  to  dredge  close  ap  to  a  wall.  The 
biogle  ladder  has  the  advantage  uf  being  able  to  discharge  into 
tbe  barges  on  either  side  of  the  vessel  by  regalating  the  shooti, 
wbereaa  with  a  double  ladder  each  one  can  only  discharge  on  its 
own  sida  Doable-ladder  dredgers  also  reqaire  more  space,  i 
consequently  are  only  adapted  for  channels  where  there  is  plenty 
of  room.  Most  of  the  modem  dredgers  are  made  v.'ith  single 
ladders.  These  dredgen  are  made  sufficiently  powerful  to  wori[> 
in  the  tiardest  clay  packed  with  boulden,  or  even  in  soft  rock.ia 
the  latter  case  the  buckets  being  fitted  with  spikes.  The  bncketi' 
of  a  fint^clasa  dredger  will  liit  stones  weighing  over  two  \ 
which  are  taken  &om  them  by  a  derrick  crane  placed  on  tl 
dredger. 

Backet-ladder  dredgers  are  constructe'l.  for  work  in  smi 
rivers,  about  75  feet  long  by  17  feet  wide  and  8  feet  deep,  ai 
having  about  45  I.H.P.  engines,  and  costing  about  £2500.  Sod 
a  dredger  will  raise  about  50  tons  of  clay  an  hour.  The  mm 
powerful  machines  are  about  200  feet  long  by  35  feet  beam  by, 
11  feet  6  inches  deep;  provided  with  two  pain  of  engines, eadl 
of  250  I.H.?. ;  each  bucket  containing  21  ewt.,  and  the  wludl 
raiKing  800  tons  an  hour.  These  machines  are  sometimes  i 
with  traversing  ladders,  so  that  they  can  cut  their  own  flotatioB 
through  shoals. 
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The  last  dredger,  the  Cainvlhu,  built  for  the  Clyde  1 
by  Messrs.  Fleming  and  Fei^son,  is  a  good  example  of  the 
most  modem  form  of  machine.  It  is  a  self-propelling  twin- 
6crew  bucket  dredger.  Tlie  dinjensions  are — 200  feet  in  lengUi, 
37  feet  beam,  12J  feet  deep.  There  are  47  cast-steel  buckets, 
each  of  a  capacity  of  22  cubic  feet.  She  can  raise  600  tons  an 
hour  of  ordinaty  material  from  a  depth  of  +0  feet.  Traversing- 
gear  for  working  the  bucket-ladder  in  advance  of  the  hull  is 
provided,  so  that  she  can  cut  her  own  tiotatioQ.  The  main 
GDgines  are  compound,  surface-condensing,  indicating  750  LH.P. 
There  are  six  sets  of  auxiliary  engines  for  performing  the  various 
operations  for  manipulating  the  dredger.  A  lO-ton  st«am  crane 
is  provided  on  deck  for  moving  the  upper  tumbler,  etc.  The 
gearing  is  titled  for  two  speeds,  to  suit  the  different  kind  of 
material  in  which  the  machine  is  working.  The  vessel  is  fitted 
with  the  electric  light  throughout, 

Two  twin-screw  steel  steam  hopper  barges  have  also  recently 
l>een  added  to  tlie  fleet.  These  are  each  200  feet  long,  34  feet 
Ijeam,  and  15J  feet  deep,  and  capable  of  carrying  1000  tons  at 
lO-knot  speed  and  draft  of  12^  feet. 

Hopper  Dredgers  are  a  combination  of  the  ordinary  dredger 
md  the  steam  hopper  barge.  They  are  made  to  carry  from  2IK> 
«i  1200  tons.  They  are  good  seagoing  vessels,  and  can  steam 
»fely  across  the  sea.  The  advantage  these  machines  possess 
>ver  the  ordinary  dredger  is  that  the  lirst  cost  of  plant  is  leas, 
30  barges  being  required ;  they  occupy  much  less  space  when 
vrorking,  as  no  barges  have  to  lie  alongside,  a  great  advantage 
when  working  in  a  river  channel;  they  can  work  in  exposed 
utnations  where  it  would  be  impossible  for  barges  to  lie  along- 
nde  a  stationary  diedger.  They  can  work  with  a  smaller 
Dumber  of  men,  and  the  cost  of  dredging  and  transport  is  less 
than  with  a  stationary  dredger  and  hoppers.  An  800-ton 
hopper  dredger  requires  13  men  in  all,  and  one  of  250  tons 
capacity  can  be  worked  with  b  men  for  the  ordinary  day  shift, 
these  numbera  being  increased  one-half  if  the  dredger  is  worked 
night  and  day.  The  operation  of  mooring  and  unmooring  the 
vessel  when  at  work  can  be  performed  in  about  a  quarter  of  an 
hour.  The  cost  of  a  hopper-dretiger  115  feet  long,  26  feet  beam, 
to  carry  250  tons,  is  about  from  £10,000  to  £12,000. 

Orab  Dredgers. — These  dredgers,  originally  brought  out  by 
Messrs.  Priestman  k.  Co.,  consist  of  a  single  opening  scoop  or 


=34  TIDAL   RIVERS. 

bucket  suspended  from  the  end  of  the  jib  of  ft  crane  by  chtl 
specially  arranged  so  as  to  enable  the  bucket  to  be  o[ien«<l  I 
closed.  The  scoops  are  made  either  with  smooth  cutting  edj 
for  soft  material,  or  are  provided  with  steel  tines  for  cutting  ii 
hard  material  or  for  raising  the  d^bria  of  disintegrated  rock.  T 
buckets  and  grabs  are  made  of  various  sizes,  varying  in 
from  5  to  40  cwt.  Several  modifications  of  the  original  dwi{ 
have  been  brought  out,  the  chief  variation  consisting  in  t 
manipulation  of  the  chain  used.  They  are  worked  either  wi 
a  single  or  double  chain,  the  latter  being  considered  as  li 
complicated  in  working  than  those  having  a  single  chain.  T 
action  of  the  machine  is  as  follows :  On  the  bucket  bet 
released,  the  chain  runs  out  over  the  pulley  at  the  jib  head,  ai 
the  bucket  descends  through  the  water  into  the  material  to 
lifted  with  its  cutting  edges  open,  and.  the  faces  or  teeth  fkUi 
perpendicularly.  The  weight  of  the  grab  forces  them  into  t 
material.  The  chain  is  then  drawn  in  by  the  drum  of  tl 
winch,  closing  the  grab  and  raising  it. 

They  are  exceedingly  useful  machinen  for  working  tn  dod 
or  confined  spaces,  and  for  harbours  and  river  work  where  t] 
material  is  soft.    The  cost  is  small,  it  requires  only  a  small  sti 
to  work  them,  and  they  occupy  a  very  small  space.     The  n 
of  the  machine  varies  from  one  capable  of  lifting  from  100  toi 
to  KOO  tons  a  day  of  soft  mud,  or  500  tons  of  more  oompwt' 
material.     The  price  of  the  smaller  machines   is  about  £3if, 
including  the  engines  and  boiler,  but  not  the  barge ;  and  tlit 
largest  machines,  £875,     The  cost  of  lifting  soft  material  to 
height  of  20  feet  with   these  machines  is  about  l^d.  per 
The  smaller  machines  require  a  barge  about  30  feet  long,  witk 
12  feet  beam,  and  the  largest  60  feet  by  22  feet. 

The  grab  known  as  the  Cockburn  dredger  is  designed 
the  object  of  supplying  a  machine  that  will  excavate  materitl 
too  hard  to  be  operated  on  by  the  ordinary  form  of  grab.  The 
scoop  is  attached  to  the  end  of  a  pole  or  tube,  through  which 
the  chains  for  opening  and  closing  the  scoop  work;  by  Uiii 
means  there  is  no  tendency  for  the  jaws  to  slip  up  as  the 
scoop  is  raised.  The  pole  is  attached  to  a  movable  jib  pivoted 
to  the  frame  of  the  ci-ane.  A  depth  of  :)5  feet  below  water-level 
can  be  raised  with  this  form  of  grab. 

Pomp  or  Suotioa  Dredgers. — These  machines  are  principally 
(ised  for  raising  sand  or  mud,  the  material  being  pumped  op 
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hrough  suction -tubeG,  and  diat^&rged  either  into  a  hopper  or 
hrough  pipes  or  troughs  on  to  the  short  They  eui  also,  by 
doptiug  the  plan  designed  by  Von  Schmidt,  of  San  Frannseo, 
le  made  to  remove  day  by  having  a  cotter  placed  at  the  end 
if  a  shaft  working  in  the  suctioo-tnbe ;  the  cutter  braaks  up 
he  material  sufficiently  small  for  the  detached  pieces  to  be 
trawn  up  the  aaction-tnbe.  When  working  in  heavy  sand, 
he  material  left  in  the  hopper  represents  about  50  per  eeot  of 
he  water  and  sand  raised ;  in  clayey  sand,  about  40  per  cent 
vmains ;  and  in  sticky  clay,  about  10  per  eenL 

The  advantage  of  these  dredgers  is  that  they  can  work  in 
my  ordinary  weather,  and  at  times  when  it  would  be  ijuite 
mpossible  for  dredgers  of  other  types  to  do  so ;  and  the  material 
aised  can  be  delivered  directly  for  distances  of  from  200  to 
too  yards  by  the  force  of  the  pump,  so  that  silt  raised  from  the 
)ed  of  a  river  or  harbour  may  be  delivered  directly  at  the  back 
if  training  walls,  or  used  for  laising  land  for  harbour  purposes. 
rhe  pumps  used  will  raise  and  pass  through  them  stones  or 
ither  hard  substances  of  any  size  that  will  pass  through  the 
action-pipes.  The  cost  of  the  pumps,  suction,  and  delivery 
lipes,  engine  and  boiler,  and  everything,  exclusive  of  the  boat, 
nay  be  taken  as  varying  from  about  £500  to  lift  30  tons  an 
lOur  to  £1700  to  raise  100  tons  an  hour. 

Suction -hop  per  dredgei-s  have  been  used  for  the  i-emoval  of 
he  sand  constituting  the  bar  of  the  Mersey,  and  in  the  fii-st 
rear's  dredging  over  a  million  tons  were  thus  removed.  Sub- 
lequently  more  powerful  machinery  was  obtained,  and  a  twin- 
crew  auction -hop  per  dredger  was  built  for  the  Board  by  the 
!4aval  Construction  and  Armaments  Company  at  Barrow, 
apable  of  carrying  3000  tons  of  sand,  and  of  rabing  this 
[uantity  in  thrce-quartei's  of  an  hour. 

For  deepening  the  entrance  to  the  Maas,  where  the  water 
ras  ao  rough  that  no  ladder  dredger  could  have  worked,  a  sand- 
tamp  dredger  was  able  to  work  with  waves  of  three  feet 
tmning.  The  vessel  was  held  with  one  anchor,  so  as  to  be 
[uickly  slipped.  It  was  141  feet  long,  with  27  beam,  and 
lopper  capacity  of  600  tons.  The  centrifugal  pump  had  a 
i  ft.  3  in.  fan  running  at  120  revolutions  a  minute,  and 
ould  raise  230  cubic  feet  of  sand  from  a  depth  of  33  feet. 
Jlowing  one  of  sand  to  seven  of  water,  this  left  20  cubic  feet 
as  remaining  in  the   hopper.     Six   per   cent,  of  aand 
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remained  in  suspension  and  went  away  with  the  water.  It 
fifteen  minutes  to  anchor  and  lower  the  suction-pipe,  and  b 
minutes  to  heave  the  anchor. 

In  New  South  Wales,  a  steam-hopper  barye  was 
into  a  sand-pump  dredger  in  18S9,  and  started   deepening  t> 
new  basin  behind   Bullock   Island   in   Newcastle   harbour, 
was  calculated  that,  in  making  the  deep-water  cliannel,  abo 
1^  million  tons  of  sand  were  lifted  and  pumped  on  land  whi 
required  reclaiming.     Twentj'-two  acres  thus  had  a  commerd 

value  imparted  to  them  of  £4i,000,  the  cost  of  the  dredgii 

being  £8500.  Kcsults  as  satisfactory  followed  the  conrersia 
of  a  steam-hopirer  barge  into  a  sand-pump  dredger  in  Sydnq 
harbour;  the  silt  in  this  case  was  pumped  a  distance  of  llOO  ~ 
to  fill  up  some  low  land.  Owing  to  the  long  distance  tb 
material  would  have  had  to  be  wheeled,  the  cost  of  conveyii 
by  hand-labour  would  have  been  Is.  SJd  per  ton,  as  sgiinri 
2Jd.  with  the  sand-pump  ("Report  to  Legislative  Asaemb]] 
on  Dredging  Operations,"  by  C.  W.  Dariey,  C.E.,  1891). 

A  new  suction  dredger,  constructed  in  the  colony,  150  fe 
long  by  50  feet  wide,  with  engines  of  400  I.H.P.  when  dredgtoi 
in  clay,  has  the  suction-pipe  fixed  vertically,  and  it  travels  rouai 
the  end  of  the  vessel.  Attached  to  the  suction-pipe  is  a  vertied 
shaft  having  horizontal  cutters  at  the  bottom.  These  cuttera 
hooded  over,  and  as  the  material  is  broken  up  it  is  drawn  i 
the  suction-pipe  by  the  action  of  the  pumps.  The  suction-ptptf 
is  21  inches  in  diameter,  made  in  three  telescopic  lengths, 
that  a  depth  of  26  feet  can  be  reached  when  necessary.  "Oil 
centrifugal  pump  is  capable  of  raising  16,000  cubic  feet  of 
and  sludge  a  minute.  Occasionally  bricks,  stones,  and  pieces 
iron  weighing  from  6  to  8  lbs.  are  drawn  up  the  sucticv 
pipes  without  injury  to  the  pumps.  The  cost  of  this  di 
constructed  in  the  colony  was  £7960.  The  material  as 
is  discharged  through  iron  pipes  varying  from  1000  to  401 
feet  in  length  on  to  low  swampy  ground  by  the  side  of  tl 
channel,  which  is  thus  being  raised.  The  method  of  mooril 
the  dredgers  used  for  these  reclamation  works  is  peculti 
Piles  fitted  with  heavy  iron  shoes  are  suspended  vertical 
from  frames  on  the  deck,  the  lower  end  being  kept  in  pk 
by  guide-rings.  When  the  vessel  is  to  be  moored,  the  pil 
are  set  free,  and  drop  on  to  and  penetrate  the  ground 
the  bottom  of  the  channel.     When  the  vessel  requires  watpil 
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forward,  the  piles  are  lifted  to  their  former  poaition  by  chains 
passing  over  winches  worked  by  the  engines,  The  work  of 
raising  and  depositing  this  clay  and  mud  on  the  swamp  at 
the  side  of  the  channel  was  let  by  contract  at  prices  varying 
from  la.  lj(i.  to  Is.  3d.  per  yard,  the  contractoi-s  finding  the 
plant. 

A  steam-hopper  anction  dredger,  constructed  by  Messrs. 
Simons  and  Co,  for  the  Natal  Government,  may  be  taken  as 
Epical  of  this  clas.9  of  machine.  The  dimenHions  of  this  vessel 
■rere,  155  feet  long,  30  feet  beam,  and  12  feet  depth.  The  hull 
tras  built  of  steel,  and  divided  into  six  water-tight  compart- 
ments. The  deck  was  of  iron,  covered  with  Kauri  pine.  The 
hoppers  are  amidships,  and  have  a  capacity  of  500  tons;  the 
doors  are  raised  by  steam  power.  The  vessel  is  driven  by  twin- 
Krews,  and  has  two  pairs  of  surface  condensing  engines  of 
500  I.H.P.,  giving  a  speed  of  9J  knots.  The  dredging-plant 
consists  of  two  18-inch  centrifugal  pumps  with  suction-pipes.. 
The  tubes  aie  each  67  feet  6  inches  long,  and  they  can  dredge 
Band  to  a  depth  of  40  feet  from  the  water-level.  The  pumps  work 
at  150  revolutions  a  minute,  and  absorb  180  I.H.P.  At  this 
Bpeed  they  can  raise  1000  tons  an  hour.  This  vessel  went  under 
her  own  steam  from  this  country  to  her  destination  at  Durban 
without  any  mishap.  A  crew  of  about  thirteen  hands  is  required 
to  work  the  vessel,  and  the  speed  when  going  to  and  from  the 
discharging  groimd  is  about  seven  knots.  The  quantity  of  solid 
matter  deposited  in  the  hoppers  varies  from  5  to  50  pur  cent,  of 
the  water  discharged  by  the  pumps,  depending  on  the  description 
of  material  operated  on.  The  pumps  raise  gravel  and  stones 
■weighing  20  lbs. 

In  the  improvements  carried  out  for  deepening  the  channel 
leading  to  the  harbour  of  New  York,  already  referred  to, 
4^75,079  cubic  yards  of  material  were  removed  under  various 
contracts,  at  an  average  cost  of  26"4  cents  per  cubic  yard,  equal 
to  about  XGijd.  per  ton.  The  material  had  to  be  conveyed 
20J  miles  to  sea.  The  quantity  on  which  the  contractor  was 
paid  was  the  quantity  in  the  barges;  but  this  was  about  27  per 
cent,  less  than  the  actual  quantity  removed,  the  remainder  being 
tarried  away  in  suspension  by  the  current.  The  material  had 
to  be  raised  from  a  depth  varying  from  24  to  35  feet  under 
water,  the  total  lift  being  36  to  46  feet.  In  every  cubic  yard 
of  aolid  matter  thus  transported  by  the  barges  and  paid  for,  a 
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lar^  mddition&l  ({oantity  hul  to  be  raised.  The  material  ecB* 
sirted  of  mod,  clay,  and  sand,  and  {mt  of  this  being  Dead/  il 
the  same  specific  gmnty  as  the  water,  when  it  I 
rated  with  it,  only  a  certain  quantity  settled  in  the  ba^^  ||| 
remainder  going  overboard  with  the  water,  and  beif^  cat  ~ 
away  by  the  current  The  plant  provided  for  doing  the  \ 
eipai  [lart  of  the  work  consisted  of  three  seagoing  drec(pB| 
KteaiDcrK,  four  large  barges,  and  four  steam-t]ig&  ~~ 
dredgers  varied  in  length  from  1.32  to  137  feet,  31  to  37  fi 
beam,  and  8  to  16  feet  in  depth,  their  carrying  capacity  var 
from  275  to  050  cubic  yarda  Each  dredger  was  provided  wit 
two  pumping  outfits  independently  arranged.  Each  puinpvtl 
capable  of  lifting  4200  gallons  a  minute.  The  suction-pipe^ 
15  to  18  inches  diameter  and  60  feet  long,  were  located  one  « 
each  Bide  of  the  !iteamer  amidships.  To  render  tliem  fleiible  m 
■i  to  accommodate  them  to  the  rolliug  and  pitching  motii 
about  12  feet  consisted  of  rubber  supported  by  chaina  i 
the  vertical  strain  caused  by  the  rest  of  the  pipes ;  the  plpii 
were  provided  with  scrapers  at  the  bottom  for  loosening  t^ 
material.  The  hoppers  were  divided  into  compartments  va- 
rounded  by  longitudinal  sluice-ways  extending  either  way  boa 
a  central  receiving  hopper.  These  sluices  were  provided  aloM| 
their  course  with  a  series  of  adjustable  bottom  and  side  gates  to 
regulate  the  discharge  of  the  material  into  the  different  owh 
])artment3,  and  prevent  the  listing  of  the  vessels.  The  stei 
worked  in  all  but  the  roughest  weather,  and  were  kept  ( 
lieadway  from  the  time  they  left  their  berths  in  the  morning 
until  they  returned  to  it  at  night.  On  arriving  at  the  station 
the  pipes  were  lowered,  and  the  vessel  kept  constantly  under 
Hteering  headway  until  the  hoppers  were  full,  when  the  pipes 
were  hoisted,  and  the  vessel,  put  under  full  steam,  proceeded  to 
the  discharging-ground.  Gedney  Channel  being  practically  ij 
the  Atlantic,  the  work  was  exposed  to  the  winds  and  roughueax  of 
the  ocean,  which  occasionally  prevented  the  vessels  from  workinf- 
The  time  occupied  by  the  largest  vessels  carrying  650  cobtc 
yards  was  thus  distributed :  pumping,  48'6  min. ;  transport- 
ing, 1  hr.  11  min.;  under  steam  per  day,  16  hra 
loads  per  day,  6'73 ;  cubic  yards,  3y36'6o ;  time  lost  by  repiii^ 
2  hi-s.  24  mill. ;  lost  by  weather,  32  hra.  50  min. 

The  Thyboron,  constructed   by  Messi-s,  Lobnitz  and  Co.  for 
the  Danish  Qovemment,  in  165  feet  long,  34  feet   beam,  a 
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!  feet  deep.  Her  draught,  light,  is  6  feet  6  inchea,  snd  loaded 
iher  full  capacity  of  700  tons,  10  feet.  There  are  two  pumps, 
ipable  of  discharging  2400  cubic  feet  of  water  only  per  minute 
ben  working  at  their  normal  speed,  which  can  fill  the  hopper 
ith  GOO  tons  of  sand  in  half  an  hour  on  a  coal  consumption  of 
r  cwt. 
Combined  Dredgers. — Drudgers  are  frequently  made  so  a.s  to 
adapted  to  several  different  kinds  of  work.  Thus  a  steel 
rew  self-propelling  combined  sand-pump  and  bucket-hopper 
edger,  called  the  Vctvtctm;,  was  constructed  by  Messi-s. 
eming  and  Ferguson  for  harbour  work  in  Mexico.  Her 
mensions  are  150  feet  long,  30  feet  beam,  and  12^  feet  deep, 
le  ia  capable  of  raising  300  tons  an  hour  from  a  depth  of 
1  feet,  and  of  carrying  300  tons.  She  is  fitted  with  the  ordinary 
icket  ladder  fitted  with  teeth  for  rock -cutting,  and  also  centri- 
gal  pumping  machinery  for  raising  sand  and  discharging  it 
rough  floating  pipes  a  distance  of  a  quarter  of  a  mile.  The 
gtnes  are  of  300  I.H.P.  Slie  steamed  to  Mexico  under  her 
m  steam. 

A  steel  twin-screw  hopper  dredger,  recently  constructed  by 
^ssrs.  Simons  and  Co.,  of  Renfrew,  for  the  Russian  Govem- 
mfc,  has  a  hopper  capacity  of  1000  tons,  and  the  buckets  can 
ifie  the  same  quantity  of  free  soil  in  an  hour.  It  is  proWded 
th  two  sets  orbuckets,  the  larger  containing  25  cubic  feet,  and 
B  smaller,  for  dealing  with  hard  material,  11  cubic  feet.  Steel 
>ping  picks  for  disintegrating  hard  material  can  be  substituted 
r  every  second  or  third  bucket.  It  is  also  provided  with  a 
ntrifugal  Buction-pump,  which  can  raise  500  tons  of  sand  an 
'ur.  The  dredger  works  to  a  depth  of  36  feet  of  water.  The 
gines  are  compound  surface  condensing  of  1000  I.H.P.  collec- 
reiy,  each  driving  its  own  propeller.  Steam  is  supplied  at  a 
'essure  of  100  lbs.  Steam  winches  are  fixed  at  the  bow 
id  stem  for  handling  tlie  mooiing-chains.  The  hopper  doors 
re  also  worked  by  steam  power.  Two  steam  cranes  con- 
wl  the  movement  of  the  bucket  ladder  and  suction-pipe.  The 
wider  is  hoisted  by  twelve  .steel  ropes,  the  lifting  barrel 
leing  worked  by  steam.  The  vessel  is  lighted  throughout  by 
lectricity. 

Shore-delivery  Dredgers  and  Transporter!.  —  When  it  is 
iracticable  to  deliver  material  raised  by  bucket  dredgere  on  to 
he  shore  or  sides  of  the  channel,  this  is  accomplished  either  by 
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dredgers  having  long  ladders  and  discharging  directly  st  a  ^ 
elevation  into  pipes  or  troughs,  the  travel  of  the  material  h 
assisted  by  a  stream  of  water  forced  alung  the  pipea  by  a  ceoltf 
fugal  pump;  or  the  material  is  raised  from  the  bargus  and  Sm 
charged  in  the  same  manner.  These  dredgers  are  made  with  tk 
tumblers  as  much  as  80  feet  above  the  watei-level,  and.  wlui 
required,  can  cut  their  own  flotation,  and  deliver  the  spoil  o 
high  banks  on  to  the  shore.  When  the  material  is  not  auitiU 
for  conveyance  along  pipes  or  troughs,  it  is  conveyed  to  the  s] 
by  a  travelling  platform  moved  by  an  endless  chain.  Sboi 
delivery  dredgers  have  been  extensively  used  in  the  Seiui 
Rouen,  in  the  Gironde,  and  on  the  Weser. 

During  the  construction  of  the  Suez  Canal,  M.  lAtaQ 
employed  auction  dredgers,  and  sent  the  material  through  «1 
230  feet  long.  Sand  flowed  through  these  shoots,  with  a  auffioen 
quantity  of  water,  at  an  inclination  of  1  in  20.  Sand  mixed  wid 
shells  would  not  travel  at  an  inclination  of  1  in  JO,  ami  M 
endless  chain  hod  to  be  used.  Stiff  clay  fell  in  lomps^  bi 
worked  along  the  shoots  which  were  provided  with  the  «  ~ 
chain. 

In  the  dredging  operations  carried  on  for  improving  t 
navigation  of  the  Garonne  between  Bordeaux  and  the  sea,  tb] 
bucket  dredgers  and  two  cutting  suction  dredgers  were  emploja 
The  bucket  dredgers  were  of  120  H.P.,  and  tlischarged  tl 
material  by  means  of  a  distributor  and  centrifugal  pump  thro 
floating  iron  tubes  12  inches  diameter  with  leather  j<M 
F^ach  machine  conveyed  about  11,000  cubic  yards  a  month  l»i 
distance  of  1000  feet,  at  a  height  of  about  15  feet.  The  n 
was  a  sticky  clay,  and  its  progress  was  assisted  along  the  tnbea  I 
an  auxiliary  pump  placed  on  a  barge  tdongside  the  dredgers.  ' 
the  two  cutting  suction  dredgers,  one  had  a  suction-pipe  12  ii 
in  diameter  hung  at  the  side  of  the  dredger,  the  position  \ 
regulated  by  chains  and  pulleys.  A  set  of  cutters  moved 
gearing  from  the  dredger,  was  lixed  on  an  axle  placed  at  the  ei 
the  frame  carrying  the  pipe,  and  beyond  its  mouth,  so  that  f 
cutters  drew  the  material  they  detached  towards  the  pipe. 
40  H.P.  this  dredger  discharged  11.000  cubic  yards  of  n 
in  a  month  through  floating  tubes  to  a  distance  of  1000  fc«tj 
an  elevation  of  161  feet.  The  suction-pipe  of  the  other  dre 
was  15  inches  in  diameter,  and  was  placed  in  a  central  well  of  tl( 
barge,  and  entered  a  central    longitudinal   recess   when  i 
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lorizontally.  The  cutting  diacs  revolved  at  the  rate  of  fifty 
erolutions  a  minute.  This  dredger  has  engine-power  of  129  H.P., 
nd  can  remove  39,000  cuhic  yards  a  month  from  a  depth  of  25 
aet  below  the  water-line.  These  dredgers  are  worked  by  four 
len.  whereas  the  bucket  dredgers  require  seventeen  men.  The 
Terage  proportion  of  solid  matter  raised  by  the  suction  dredgers 
rhen  working  in  sticky  clay  is  10  to  12  per  cent,  of  the  wsteiy  I, 
lixture  raised,  but  it  reaches  40  per  cent,  in  clayey  sand.  \ 

Another  machine  used  in  the  Garonne  works  consisted  of  an 
;cavator  running  on  rails,  the  buckets  scooping  away  the  river- 
Lnk,  where  it  had  to  be  removed,  to  a  slope  of  1  to  1.  The 
laterial  was  delivered  from  the  buckets  on  to  an  endless  band 
feet  wide,  carried  on  rollers  placed  328  feet  apart.  This 
md  traversed  a  gantry  consisting  of  two  wrought-iron  girders, 
ivided  in  spans  of  131  feet,  suppoi-ted  on  wrought-iron  piers 
mining  on  rails.  The  band  was  worked  by  an  engine  placed  on 
lils  between  the  excavator  and  the  staging,  which,  by  a  wire- 
ope  transmission  running  the  whole  length  of  the  staging,  and 
apur-wheel  and  worm  gear  fitted  on  each  pier,  worked  the 
ndless  band  and  pulled  the  staging  and  itself  along  at  the 
'.  speed  as  the  excavator  was  doing  the  work.  The  material 
carried  by  the  endless  band  1140  feet  The  length  of  rails 
nder  each  pier  was  984  feet. 

During  the  construction  of  the  Manchester  Ship  Canal,  a  soil- 
uisporter,  designed  by  Mr.  John  Price,  was  used  for  conveying 
le  material  from  the  cutting  to  trucks  on  the  bank.  The 
aterial  removed  was  mud,  sand,  and  clay.  The  tmnsporter 
Dnsistcd  of  a  trussed  wooden  box  girder  94  feet  long,  5  feet  wide, 
id  6  feet  6  inches  deep,  supported  at  its  extremities  by  two 
lecked  barges  70  feet  long,  14  feet  beam.  This  giider  carried  a 
:t  of  steel  shafts  and  flanged  rollers,  over  which  travelled  a 
Mid  of  a  total  length  of  330  feet,  made  of  elm,  4  feet  wide  and 
t^  inche-a  deep,  bolted  to  two  endless  chains  3  inches  deep,  1  inch 
ride,  and  2  feet  pitch.  The  points  of  the  band  were  covered 
nth  thin  iron  plates,  to  prevent  spilling  and  lessen  the  wear 
the  edge^f  the  boards.  The  girder  on  the  boat  nearest  the 
MB  was  hinged  so  as  to  be  capable  of  being  raised  or  lowered, 
i  was  supported  from  a  jib  by  chains.  The  band  passed 
oond  hexagonal  tumblers  at  either  end  of  the  girder.  The 
iut«rial  was  delivered  from  the  dredger  direct  on  to  the  band  at 
ny  part  of  its  length  between  the  boats,  and,  travelling  along  the 
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girder,  was  delivered  into  the  trucks  on  the  shore  by 
the  projecting  girder  supported  by  the  jib.  The  chaia  of 
endless  band  travelled  on  flanged  steel  rollers  7  inches 
diameter,  keyed  on  to  steel  spindles  \\  diameter.  It  was  dri' 
by  a  10  H.P.  engine,  having  a  vertical  boiler,  the  engine  ruon 
at  120  revolutions  a  minute  to  o\  of  the  driving  tumbler,  1 
band  travelling  at  the  rate  of  66  feet  per  minute.  A  I 
description  of  this  machine,  with  illustrationa,  will  be  found 
Eiigi-neerifig  of  July  24,  1801. 

On  the  North  Sea  and  Baltic  Canal,  shore  deliverers,  eoi 
ing  of  two  vessels  connected  together  by  cross-girdera,  were 
a  sufficient  width  being  left  between  the  ve.asel3  to  formawdl 
large  enough  for  a  barge  to  float  into.     The  dredged  materi&t 
raised  out  of  the  barges  by  a  double  set  of  ladiiers  and  buckttt 
to  a  height  of  31  feet  o  inches  above  the  water-line  into  tron«i> 
161  feet  long,  running  to  the  shore,  the  material  being  carritj 
along  by  a  strong  stream  of  water  supplied  t>y  a  centrifugal  pamf 
One  vessel   is  provided  with  a  compound  engine  of  150  HP, 
for  driving  tbe  two  pumps.     In  the  other  vessel  is  a  coiopoual 
engine  of  100  I.H.P.  for  working  the  buckets.     Tbe  veaseU  in 
82  feet  long,  14  feet  9  inches  beam,  (i  feet  7  inches  deep ;  aTen||i 
draught,  4  feet  7  inches ;  space  between  the  two  vesaela,  21 1((| 
6  inches.     The  buckets  have  a  capacity  of  -iGo  cubic  feet,  ul 
the  speed  of  the  travel  is  at  the  rate  of  25  to  30  buckets  1 
minute,  so  that,  with  both  ladders  working,  .50  to  60  bucket* 
discharged  a  minute.     The  gradient  of  the  shoots  is  1  in  !& 
About  350  cubic  metres  of  material  is  elevated  an  hour.    TIm 
troughs  are  supported  by  a  derrick  fixed  on  the  ve.ssel. 

In  the  constmction  of  the  Mexico  Drainage  Canal  in  II 
five  Couloir  dredgers,  constructed  by  Mes-si-s.  Lobnitz  and  Co. 
Renfrew,  were  employed.  These  were  capable  of  dredging  w 
depth  of  56  feet  below  tbe  water,  and  of  cutting  a  face  in  front! 
feet  above  water-level.  The  material  was  lifted  by  buckets  to  Ite 
top  of  a  stage  on  the  dredger,  and  thence  conveyed  to  the 
on  either  side  of  the  canal  along  troughs  supported  by  deni^ 
fixed  on  both  sides  of  the  vessel. 

Rook-dredgers. — Formerly,  where  rock  had   \^  be  rano?a4 
the  material  was  iirst  broken  up  by  blasting,  the  pieces  bt' 
afterwards  removed  by  buckets  or  grab  dredgers.     More  recent 
where  the  rack  is  soft  or  easily  acted  on,  this  has  been  reraov 
by  means  of  strong  steel  daws,  either  fastened  on  to  the 
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of  a  powerful  dredger,  or  every  alternate  bucket  is  replaced  by 

tlie  daws. 

Where  tbe  rock  is  too  bard  to  be  acted  on  by  this  means,  it 

has  been  broken  up  by  the  use  of  heavy  rams.     The  rock-cutters 

have  the  form  of  heavy  chisel-pointed  rams,  which,  after  being 
Taised,  are  allowed  to  drop  from  10  to  20  feet   on  the   rock. 

"With  rams  of  sufficient  weight  the  hardest  rocks  can  thus  be 
lirokeii  up,  the  debris  being  removed  by  grabs.  For  small  works 
a  single  cutter  is  sufficient,  and  the  removal  by  this  means  can 
be  effected  at  very  much  less  cost  than  by  blasting. 

For  the  removal  of  submerged  rock,  a  machine  (shown  in 
Hg.  ;14)   has  been  designed  by  Mr.  Lobnitz,  termed  a  "  Dero- 


By  the  aid  of  this  dredger  the  rock  is  broken  up  into 
pieces  sufficiently  small  to  be  removed  by  a  grab  or  buckets. 

Several  of  these  machines  were  supplied  by  Messi-s.  Lobnitz 
and  Co.  of  Renfrew  for  removing  a  shoal  coutaining  about  three 
million  tons  of  hard  limestone  rock,  in  the  Suez  Canal.  The  first 
dredger  constructed  was  180  feet  long,  40  feet  broad,  and  12  feet 
deep.  It  was  fitted  with  ten  heavy  chisel-pointed  rams,  or  rock- 
cntters,  each  42  feet  long,  and  weighing  4  tons.  Five  of  these  were 
fitted  on  each  side  of  the  well,  through  which  the  broken  rock  was 
lifted  by  a  ladder  and  buckets,  the  bag  of  the  bucket^chain  being 
supported  by  a  guide-wheel  specially  designed  by  the  makers  to 
relieve  the  strain  on  the  bearings,  bucket-links,  and  pins,  Tliese 
were  raised  by  hydraulic  power,  and  allowed  to  fall  from 
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10  to  20  feet  on  the  rock,  and  deliver  &om  200  to  300  blomu 
hour.  The  bucket-chains  were  driven  by  a  four-tylinder  coa- 
pound  engine  of  200  I.H.P.  When  at  work  the  machine  wn 
moved  over  the  surface  in  a  series  of  arcs  by  winch  luotioa, 
arranged  by  swinging  the  vessel  from  side  to  side,  pivoting  oni 
steel  mooring  pile  3  feet  in  diameter,  which  passed  down  thnagh 
the  hull  in  the  after  part  of  the  vessel  and  rested  on  tlie  ro^ 
There  were  two  of  these  piles  manoeuvred  by  hydraulic  powv 
enabling  the  vessel  to  advance  a  given  distance  after  each  Hnii^ 
and  preventing  her  losing  her  position.  The  cost  of  cutting  ttk 
dredging  the  rock  was  stated  by  Mr.  Lobnitz  to  be  2^.  8d!.  pv 
cubic  yard,  or,  including  all  expenses  except  transport,  n*  pa 
cubic  yard.  A  full  description  of  the  machine  used  in  the  Sua' 
Canal  will  be  found  in  the  Pyoc.  Inst.  C.E.,  vol.  xcvii. 

A  machine  constnicted  on  this  principle  was  also  used  for  t^ 
removal  of  a  hai-d  reef  of  rocks  at  Pernambuco,  situated  abo 
36  feet  below  the  surface.  The  cutters  were  +0  feet  lon^  aj 
weighed  8  tons  each.  They  were  actuate<l  by  a  crane  oaeA  for 
depositing  concrete  blocks.  The  broken  rock,  reduced  by  th* 
chisel-pointed  rams  to  the  size  of  ordinary  ballast,  was  raised  bf 
a  30-cwt.  grab  working  35  feet  below  the  surface. 

These  dredgers  have  also  been  in  use  breaking  up  and 
removing  the  rock  at  the  "  Iron  Gates "  of  the  Danube.  Tl* 
barges  on  which  the  rock-breaking  apparatus  for  the  Dannbt 
was  fixed  were  80  feet  long,  25  feet  wide,  by  7  feet  deep,  and  Uie 
cutter  reached  to  a  depth  of  36  feet  below  the  water-line.  Tta 
cutter  was  +0  feet  long,  and  weighed  8  tons. 

One  of  these  rock -cutters  was  also  used  in  excavating  the 
Government  dock  at  Malta.  This  machine  was  supported  by* 
strong  girder  resting  on  two  hopper  barges,  and  worked  by  t 
semi-portable  engines  ;  three  S-ton  cutters  were  employed.  Th( 
machine  constructed  for  the  New  South  Wales  Government  w 
worked  from  a  vessel  100  feet  long,  3-5  feet  beam,  and  8  feetde^ 
Three  8-ton  cutters,  39  feet  long,  were  driven  through  a  wsfl 
amidships,  the  engine  being  placed  forward ;  this  vessel  i 
manceuvred  by  winches. 

For  small  works  a  single  cutter  can  be  used,  and  tbJa  may  be 
mounted  on  any  barge  of  sufficient  size.  These  smaller  ciitten 
weigh  6  tons,  and  are  driven  at  the  rate  of  35  blows  an  hour.  Th^ 
break  the  rock  into  piecesof  an  average  size  of  2cubic  feet  per  blow, 
and  can  work  in  any  tideway,  and  up  to  40  feet  below  the  auiftai, 
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The  engine-power  reiiuirod  to  work  a  single  cutter  is  about 
CO  I.H,P,,  and  the  cost  of  the  cutter  ready  for  fixing  on  the  barge, 
including  winches  and  derrick  and  spare  gear,  bat  exclusive  of 
*he  barge,  is  about  £2000. 

One  of  these  smaller  rock-dredgers  has  been  built  for  Limerick 
lurbour. 

The  advantage  claimed  by  these  rock -cutters  ia  that  the  rock 
Tjroken  by  them  can  be  lifted  at  a  small  cost.  The  cost  of  break- 
ing the  rock  is  not  less  than  by  explo.sives,  but  the  broken  pieces, 
-^ing  smaller,  are  more  readily  lifted  by  a  gi'ab. 

Another  form  of  rock-breaking  machinery  used  on  the 
Danube  rocks  consisted  of  steam  hammers  carrying  cross-cut 
diisels  OJ  inches  in  diameter,  and  delivering  100  to  150  blows 
a  minute.  These  hammers  worked  under  a  pressure  of  73*5  lbs. 
per  s<iuare  inch  in  elliptical  caissons  7  feet  3  inches  diameter  on 
the  major  axis,  suspended  on  framing  between  guides,  and 
placed  6  feet  10  inches  apart  centre  to  centre  on  the  barge. 
The  caissons  were  raised  or  lowered  by  hydraulic  power  to  a 
maximum  depth  of  13  feet  below  the  surface  of  the  water. 
The  effective  work  of  the  cliisel  was  reckoned  at  21,690  foot- 
pounds. The  whole  surface  of  the  rock  by  this  means  was 
completely  disintegrated,  the  current  removing  the  tlebris 
vithout  the  necessity  of  dredging  it  up.  Six  of  the  hammers 
were  fixed  on  a  vessel  115  feet  long,  21  feet  4  inches  beam,  and 
8  feet  3  inches  deep.  The  cost  of  breaking  up  the  rock  by  this 
means  was  Oa.  7<^  per  cubic  yard. 

Eroding  Dredgers. — Various  attempts  have  been  made  from 
time  to  time  to  disturb  and  break  up  shoals  in  rivers  by 
mechanical  agency.  Harrows  of  different  descriptions  have 
frequently  been  used  for  this  purpose,  and  the  first  attempt  at 
deepening  the  river  Clyde  was  accomplished  by  the  use  of  both 
harrows  and  ploughs. 

On  the  Danube  a  boat  fitted  with  a  triangular  rake  hung 
over  the  bow  of  a  steamer  was  dmgged  across  the  shallows,  the 
steamer  running  astern.  By  this  the  shoals,  which  consisted 
principally  of  shingle,  were  removed,  and  the  depth  of  water 
increased  from  3  feet  to  4  feet. 

Harrows  have  also  been  used  for  removing  the  shoals  at  the 
lower  end  of  the  Volga.  The  harrows  were  towed  over  the 
shoals  at  the  rate  of  about  7  miles  an  hour  by  a  steam-tug,  and 
the   depth   increased   by   this  means  from  2   feet  4  inches  to 
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$  feet  S  inehak  The  duef  adrantage  irideh  the  lutfrows 
euiifeiiwi  WM  in  ItxmanMig  snd  disintegndiig  the  cnnt  found 
on  tike  top  of  the  jdM^ls,  afker  wliidi  the  camni  was  abb  to 
tnuksfiort  the  material  awm j. 

AiKPther  means  of  erosion  used  is  bj  fixii^  movable  duw 
across  the  rimnw-l  to  be  operated  on.  This  plan  was  tried  ii 
the  rirer  Stonr,  whidi  is  about  50  feet  wide  and  6  feet  deqi 
At  the  beginning  of  the  picaent  centuij,  a  boat  was  fitted  op 
br  the  purpose  of  removii^  shoals  in  this  river.  A  madune 
of  this  description  is  still  nsed  for  dearii^  out  the  mod  whidi 
acenmalates  in  the  rhrer  between  Sandwich  and  the  eea^  a 
distance  of  12  mfle&  One  or  more  barges  are  fitted  with  a 
central  and  two  wing  dams,  the  whole  covering  the  oitire  width 
of  the  channel  These  dams  are  attadied  to  frames,  and  tn 
raised  and  lowered  by  chains  actuated  by  winches  on  the  deek. 
Where  the  grcmnd  is  hard,  they  are  fitted  with  spikes  or  scnpm 
on  the  bottom.  When  the  dam  is  lowered,  a  head  of  fron 
6  to  12  inches  accomulates  at  the  stem,  and  this  is  soffideot  to 
drive  the  boat  slowly  forward,  and  the  mud  and  silt^  bai| 
loosened  by  the  cutter,  is  scoured  out  and  carried  away  bf 
the  carrent.  The  boat  never  attains  a  greater  speed  than 
3  miles  an  hour,  and  it  takes  from  5  to  6  days  to  clean  oat 
5  miles  of  the  river. 

In  the  Graronne  a  somewhat  similar  contrivance  was  used  for 
deepening  the  river. 

The  Kingston  floating  scouring  dam,  constructed  on  a  similar 
principle,  has  also  been  used  in  scouring  out  the  tidal  outfidls  of 
the  drains  emptying  into  the  river  Welland,  and  the  entranoes 
to  the  tidal  and  coast  canals  at  Balasore  and  other  places  in 
India. 

Another  eroding  process  is  that  of  forcing  air  or  water 
amongst  the  sand  or  mud  to  be  removed,  and  even  clay  may  be 
operated  on  in  this  manner  by  directing  a  powerful  jet  of  water 
on  to  it.  At  a  trial  recently  made  at  the  mouth  of  the  rivw 
Arun,  near  Littlehampton,  it  was  stated  that  very  sucoeasfiil 
results  were  obtained,  and  even  stiff  clay  removed  to  a  depth  of 
5  feet,  by  means  of  a  jet  of  water  driven  through  a  4-inch  flexible 
pipe  having  a  1^-inch  nozzle,  the  water  being  forced  through  tbe 
pipe  by  a  pair  of  horizontal  direct-acting  7^-inch  pumps^  having 
a  14-inch  steam  cylinder,  with  steam  pressure  in  the  boiler  of 
60  lbs.    The  apparatus  was  fixed  in  a  tug. 


DREZ>GING. 

Il  The  removal  of  deposit  from  a  reservoir  in  Algeria  was 
I  effected  by  forcing  air  through  a  pipe  into  the  sediment  by 
A  12-H.P.  engine,  and  thus  mixing  the  deposit,  which  had 
accumulated  to  a  depth,  at  the  lower  end,  of  24  feet,  with 
the  water,  and  allowing  it  to  run  otf  down  the  bye-paas. 
As  the  mud  lowered  near  the  dam,  that  from  the  upper  part 
flowed  down.  The  water  became  muddy  for  a  distance  of 
110  feet  round  the  pipe. 

The  screws  of  steamers  have  also  been  used  successfully  for 
eroding  and  disturbing  material. 

Revolving  cylinders,  with  spikes  suspended  from  frames  at  the 
"bow  and  stern  of  a  liarge,  have  been  used.  The  cylinder,  termed 
■"  a  hedgehog,"  is  allowed  to  rest  on  the  bottom  of  the  channel, 
and,  as  the  boat  is  drawn  along  either  by  horses  or  by  a  wire 
Tope  coiling  on  a  drum  driven  by  an  engine  on  the  boat,  it 
revolves,  the  spikes  eroding  and  churning  up  the  bottom,  and 
tearing  up  the  weeds.  A  machine  of  this  description  has  been 
successfully  used  in  deepening  the  tidal  river  Welland.  The  y 
material  disturbeil  in  this  case  consisted  of  alluvial  deposit,  and 
had  to  be  carried  in  suspen-tion  14  miles  before  it  reached  the 
estuary.  The  velocity  of  the  current  varied  from  2^  to  3  feet  a 
second,  and  no  deposit  in  the  channel  occurred. 

For  the  deepening  of  the  Upper  Mississippi,  Ohio,  and  other 
rivers  in  America,  it  was  determined  some  years  ago  to  eflfect 
this  by  digging  or  stirring  up  the  material  so  that  the  current 
might  work  the  shoals  into  the  deeper  places.  Numerous 
schemes  were  submitted  to  the  commission  appointed  by  the 
Government,  of  which  the  following  is  a  brief  description :  A 
steamboat  with  two  large  screws  fixed  obliquely  on  each  side  of 
the  bow;  these,  when  working,  were  to  draw  the  boat  along 
through  the  water  and  throw  the  material  on  each  side.  A 
steamboat  with  two  endie-ss  screws  placed  on  an  horizontal  axis 
at  the  end  of  the  boat,  and  so  arranged  as  to  lower  into  the 
afaoal  places.  A  modification  of  this  plan  was  also  proposed  by 
robstituting  saw  teeth  in  the  shaft  instead  of  the  screw.s.  A 
wheel  placed  between  twin  boats  and  turned  by  the  action  of 
the  stream,  the  boats  being  moored ;  a  temporary  wing  dam  was 
to  be  fixed  above  the  wheel  to  increase  the  action  of  the 
current;  small  ploughs  or  harrow  teeth  were  to  be  fixed  on 
the  arms  of  the  wheel,  which  was  made  adjustable  to  the  depth. 
A  boat,  with  double-acting  steam-pumpa,  which  were  to  force 
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water  through  a  set  of  28  nozzlos,  3-inch  diameter,  on  to  the 
shoals.  A  drum  attached  to  the  stem  of  a  steamer  in  lien  d 
the  ordinary  stern  wheel;  the  drum  was  to  have  scnpw 
attached  to  the  convex  side  in  spiral  lines  leading  oulwanU 
Four  scrapers  made  of  boiler  plate  fastened  in  a  tnangalic 
frame,  suspended  from  the  stern  of  a  steamer ;  the  freme  hl^ 
a  I6-feet  base,  and  weighed  altogether  SJ  tons,  and  the  acrftpot 
were  something  in  the  form  of  the  buckets  of  a  dredger;  tm 
engines  were  required  to  work  this  machine,  which  had  cyliwiai 
20  inches  diameter,  witli  7-feet  stroke.  This  machine  was  th^ 
one  selected  by  the  commission,  and  was  set  to  work  on  th| 
upper  part  of  the  Mississippi,  on  the  Ohio  and  Missouri.  By  i1 
use  the  former  river  between  St.  Paul  to  La  Crosse  was  dee)>eiia 
from  2  feet  to  4  feet. 

In  the  Columbia  river  in  America,  to  remove  the  shotl 
which  impeded  the  navigation,  the  screw  of  a  propeller  of 
large  ocean  steamer  was  used,  which  generated  a  cum 
sufficiently  strong  to  erode  a  channel.  By  this  means,  a  cl 
1200  feet  long,  2  feet  wide,  and  0  feet  deep,  was  cut  in  3  da; 
and  on  a  subsequent  occasion,  a  channel  IGOO  feet  long,  loO  fc 
wide,  by  10  feet  deep,  in  B  days.  The  material  moved  w 
heavy  sand.  The  method  of  working  was  by  liacking  U 
steamer  to  the  shoal,  and  mooring  her  by  the  bow  to  an  anelH 
up  stream  and  to  anchors  on  each  quarter.  The  vessel  beii 
trimmed  by  the  stern  just  to  clear  the  bed  of  the  river,  Uh 
engines  were  started  full  speed  a-head.  The  generated  curren 
being  driven  away  from  the  ship,  carried  the  material  with  I 
As  the  cut  proceeded,  the  vessel  was  slewed  from  side  to  side  \ 
her  rudder,  and  as  soon  as  a  trench  was  cut  across  the  full 
of  the  channel  she  was  floated  down  about  25  feet  into  positia 
for  a  fresh  cut.  It  was  estimated  that  the  stream  immediate^ 
astei'n  of  the  ship  had  a  velocity  of  from  12  to  14  miles  an  how 
at  a  quarter  of  a  mile  aft,  a  speed  of  3  to  5  miles.  The  stieai 
carried  the  bulk  of  the  eroded  material  across  the  bar  into  d«^ 
water,  while  a  small  portion  was  thrown  up  as  a  bank  on  tk 
side  of  the  chaimel  towards  which  the  jiropeller  turned  Th 
bottom  of  the  eroded  channel  was  seven  feet  below  the  propellVj 
and  it  was  proved  that  an  ordinary  steamer  could  by  this  meta 
sluice  out  a  channel  deeper  than  her  own  draught  requires. 

During  the  construction  of  the  new  channel  of  the  river  froi 
Botterdam  to  the  sea,  a  boat  was  used  litted  on  each  side  witi 
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icrew  propeller,  3  feet  6  inches  in  diameter,  which  could  be 
iBod  or  lowered  by  gearing  on  the  deck.  The  screws  were 
justed  BO  as  nearly  to  touch  the  shoals,  and  as  the  boat  moved 
ese  were  caused  to  revolve  at  the  rate  of  150  revolutions  per 
inute.     By  tlie  aid  of  this  machine  shoals  of  sand  were  moved 

the  rate  of  130  cubic  yaixls  an  hour,  and  clay  mixed  with 
nd  at  the  rate  of  116  cubic  yards.  The  machine  was  afterwards 
aiverted  into  a  suction  dredger,  having  a  centrifugal  pump 
ith  a  two-bladed  fan,  4  feet  G  inches  in  diameter,  by  whicli 
sxfi  was  pumped  up  and  discharged  into  the  river  on  the 
>b  tide. 

At  Tilbury  Docks  the  tide  from  the  Thames  enters  the  tidal 
asin  through  the  piers  at  the  entrance  with  considerable 
eloeity,  bringing  with  it  a  large  quantity  of  mud  in  suspension, 
■hich  is  deposited  in  the  slack  water.  To  remove  this,  four 
Itge  dredgers  were  formerly  used,  the  weekly  cost  amounting 
3  about  £1000.  Subsequently  this  deposit  has  been  removed 
jy  the  use  of  a  steam-tug,  provided  with  pumps  attached  to  an 
ron  tube  trailing  in  the  mud  on  the  bottom  of  the  basin  by 
odiambber  piphs.  Water  is  forced  tlirough  the  tube  into  the 
and,  which  is  thus  stirred  up  and  kept  in  suspension,  and  flows 
nt  with  the  ebb  f,ide.  The  weekly  cost  has  by  this  means  been 
•duced  to  £27.  A  full  description  of  this  apparatus  will  be 
Dund  in  TOe  Eiigiiieer  of  August  16,  1880. 

The  same  process  was  tried  at  Swansea  for  the  purpose  of 
ceeping  the  entrance  up  to  the  docks  clear  from  deposit,  but  in 
Iiis  case  the  material  to  Ire  removed  consisted  of  silfc  and  sand, 
prhich  did  not  remain  in  suspension  long  enough  for  the  current 
« carry  it  away  to  a  sul^cient  distance. 

The  most  complete  machine  used  for  deepening  channels 
>y  erosion  is  Wheeler's  .  coder  Dredger.  The  eroder  consists 
f  a  cone-shaped  cutter  4  ''ect  in  diameter  at  its  widest  part, 
aving  a  number  of  blade  ."ixed  on  the  periphery.  This  cutter 
fixed  on  a  steel  shaEl  working  in  a  frame,  which  can  be 
lised  or  lowered  through  a  well  in  the  boat,  and  is  driven  at 
speed  of  a  hundred  revolutions  a  minute. 

An  Eroder  Dredger,  built  of  steel,  for  the  Boston  Harbour 
omraissioncrs,  by  Messrs.  Scott  and  Co.  of  Goole,  under  the 
ttbor's  directions,  was  46  feet  long,  13  feet  beam,  and  6  feet 
Sep.  It  was  provided  with  a  well  forward,  in  which  the  frame 
arying  the  shaft  of  the  cutter  worked.     The  cutter  was  driven 
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by  a  pair  of  eompoond  engines  of  35  LH.P.,  these  engim 
abo  being  used  for  raisii^  and  lowering  the  frame, 
Ibe  winelies,  and  also  the  screw  for  propelling  the  boat  k 
S-ewt.  Prieatuian  grab  was  fitted  on  the  deck  for  nse  when  d 
eroder  was  not  working;  this  was  wotted  by  an  intkpendtit 
engine.  The  cost  of  this  machine  complete  was  £14d0^ 
Erorler  Dredger  of  similar  constmction,  but  without  the  | 
boilt  for  the  auUior  by  the  same  6nn,  cost  £1060. 
machines  aie  capable  of  eroding  and  disturbing  either  warpfl 
hard  clay.  The  cutter,  revolving  rapidly,  disintegrates  th* 
material  to  be  acted  on,  and  the  rapid  revolution  of  the  blade* 
causes  a  strong  centrifugal  current  in  the  vicinity.  The  peculiu 
form  given  to  the  cutter  allows  it,  as  the  boat  is  warped  forw«r4, 
to  keep  cutting  away  the  material  and  detaching  small  \ 
which  are  whirled  round  and  nibbed  against  the  face, 
detached  material  is  thus  so  nibbed  together  and  churned  Uid 
the  particles  become  completely  disintegrated  and  reduced  to 
a  size  sufficiently  tine  to  float  and  Ije  carried  away  by  the 
corrent  in  suspension.  The  machine  thus  automatically  adjuttt 
t^e  size  of  the  particles  to  the  strength  of  the  current.  Shoab 
of  soft  material  can  be  removed  by  this  machine  at  a  total  c 
of  less  than  a  penny  a  cubic  yard,  and  of  hard  material  at  i 
coet  varying  from  this  to  twopence,  according  to  the  compi 
ness  of  the  material.  The  efficiency  of  the  machine  depMHb  I 
a  great  extent  on  the  form  of  the  cutter. 

Cort  of  Dredging. — The  following  examples  of  dredging  I 
been  selected  as  ranging  over  a  wide  number  of  typical  ca* 
From  these  it  xriil  be  seen  that  material  raised  and  transporti 
by  hopper  dredgere  costs  less  than  when  raised  by  stationai 
machines,  and  that  suction  dredgers  afford  the  most  econonuca 
means  of  raising  material. 

TAc   Clydt. — About  a  million   and  a  half  cubic   yards  i 

dredged  annually  out  of  this  river,  at  a  cost,  for  1890,  of  £38,ti8f 
or  about  B'Oe*/.  per  cubic  yard,  or  say  4'60(?.  per  ton,  of  whid 
£13,954  was  for  maintenance  of  the  channel  at  its  normal  depll 
and  £21,713  on  account  of  improvements. 

Between  184o  and  1890,  35,205,242  cubic  yards  were  dredgo 
The   plant   used  by  the   Tnist   consists   of  two   double-la 
dredgers,  capable  of  dredging  to  28 J  and  32  feet ;  three  ! 
dredgers,  capable  of  dredging  to  33  feet ;  a  floating  steam  dig 
fitted  with  10-ton  crane ;  eighteen  steam  hopper  barges,  hesidi 
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»  number  of  other  boats  and  appliances.  Recently  there  has 
been  added  to  the  fleet  a  new  bucket  single-ladder  dredger  of 
7-50  I.H.P.,  capable  of  raising  600  tons  an  hour  from  a  depth  of 
■♦O  feet,  and  two  lai^  steam  hopper  barges. 

The  average  cost  of  dredging  sand,  mud,  and  clay  from  Port 
Ola^w  and  Bowling  harbour  and  conveying  it  27  milea  to 
Xaoch  Long  in  1871-73,  as  given  by  Mr.  Deas  in  hb  paper 
<Jtfi7i.  P,-xx.  I.C.E.,  vol.  xxxW.),  waa  for— 


If  or  hard  till  and  clay  from   Erskine   Ferry,  North   Bar,  and 
JEldetslie  Kock,  and  conveying  to  the  same  place — 


Dredging  ...  1383  10-5* 

ConTcjiDg  ...      1382  10  50 

Toua        ..,      27-70  2101 

In  the  year  18D2,  the  total  quantity  dredged  amounted  to 
1,598,984  cubic  yai-ds.  Of  this,  G51,(t48  cubic  yards  were  taken 
from  the  excavations  for  the  Cesanock  Docks.  One  of  the 
dredgers  raised  646,080  cubic  yards,  the  engines  working 
3417-1  hours,  equal  to  189  cubic  yards  per  hour. 

For  dredging  in  the  lower  part  of  the  Clyde  at  Greenock, 
Mr.  Stevenson  gives  the  cost  of  dredging  and  conveying  soft 
material  7  miles  to  Loch  Long  as — 


DredgiuB 
ConTejiiif 


The  work  was  done  with  a  single-bucket  ladder,  capable  of 
lifting  501)  tons  an  hour,  and  three  screw  hoppers. 

For  removing  a  patch  of  stiff  clay  and  boulders  at  Garvel 
I^nnt  the  cost  was  18  03(f. 

In  1892  the  ((uantity  dredged  was  188,875  tons,  the  quantity 
in  the  previous  year  being  478,000  tons.  The  recent  dredging 
hu  been  amongst  a  bed  of  hard  clay  and  boulders  near  fort 
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Glasfjrow,  some    of    the    stooeB    vreighuig    from   5   to  6 
AJtogetier  in  one  year  155  of  these  large  stones  were  nia 
weighing  altogether  981  tons. 

The  r^  fte.— The  quantity  of  material  removed  out  of  U 
river  between  1838  and  1890  was  87  million  tons.  In  one  'jm 
the  quantity  dredged  was  3,591,947  tons.  The  average  cort  al 
dredging  and  conveying  this  to  sea  in  hoppers  was  I'Sodta 
dredging, and  l-54tZ.for  transport;  a  total  of  3-39ti.,  including i» 
pairs,  but  not  interest  on  outlay  or  depreciation.  For  stiff  d| 
and  boulders  the  coat  was  (j'^^d,  and  sand  235<t.  conrqi 
6  milea.  Mr.  Messent  cistimates  that  repairs  cost  -j^,  coib^ 
wages,  stores,  etc.,  ^^,  of  the  total  cost  Where  rock  had  to' 
blasted,  the  prices  were — 

Bluting  ...  ...  ...  ...      1-GO 

Dredging  (Wl 

OoDTeylng         ...  ...  ...  ...      3'«0 

Total       ...    11*1 

The  above  prices  include  repairs,  bat  not  interest  or  deprecislia 

la  1889,  2,090,814  tons  of  material  were  removed  at  a 
of  3'59(i  per  ton.     The  cost  was  divided  as  follows : — 

DreiKf  "L  Uupper  b«|«.  "MA. 

Wage.                28%                   48  39 

Coal  ud  MMliDg              ...        9                       12  U 

Bepain              ...            ...      M                       37  *5 

Slorea                4                         3  S 

Wulohing         5                       —  3 


The  plant  consists  of  .5  double-ladder  dredgei-s,  dredging  Cm 
29  to  30  feet ;  1  single-ladder  dredger ;  8  steam-tugs ;  47  wood 
hopper  barges ;  10  screw  steam  hoppers.     From  1858  to  IJ 
£300,000    was    spent   in    dredging-plant,   and    £1,557,036 
dredging. 

The  Tees.— Between  1854  and  1889,  24^  millions  of  tons  m 
removed,  and  upwards  of  £400,000  was  expended  in  dredgi 
and  the  necessary  plant.  In  1889,  1,003,130  tons  were  dredgi 
at  a  cost  of  £18,812,  equal  to  about  4'.50(/.  per  ton.  The  pi 
consists  of  4  double-ladder  dredgers ;  a  Priestman  grab ;  8  bI 
tugs ;  35  hopper  barges,  and  other  appliances,  the  total 
being  estimati>d  at  £114,000. 

In  a  paper  in  the  Proceedings  of  tlie  InetltiUion  of 
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flineera,  Mr.  Fowler  gave  the  cost  of  dredging  18,557,820  tons 
feo  the  end  of  1885  aa  £387,536.  of  which  £138,036  was  for 
it,  and  £249,500  for  dredging  and  conveying  to  sea.  The 
ticulars  of  working  two  of  the  dredgers  in  removing  1,368,000 
b  are  as  follows  : — 


Wages.  Blorii)',  and  nukintoDanco 

CobI  

Repairs 


...     1-670 

...   0-iao 

...    0-614 


Tutel 


B  material  removed  was  principally  sand,  which  waa  trans- 
"ted  to  the  aea. 

The  cost  of  blasting,  dredging,  and  removing  124,000  cubic 
ds  of  oolite  rock  waa  £26,781,  equal  to  4-32s.  a  cubic  yard. 
IB  aame  rock  has  since  been  removed  by  the  dredger  by  meana 
iteel  clawa  fixed  on  the  bucket-chain. 

Hartlepool. — 4,635,845  tons  have  been  removed  during  21 
tn  up  to  1891,  or  about  270,000  tons  a  year.  The  average 
t  of  lifting  and  tran.sporting  has  been  2-773(i.  per  ton.  In 
U.  200,660  tons  were  dredged  at  a  cost  of  f 2605,  or  SUd. 
•  ton,  the  average  cost  for  1890  being  3'3S6(i.  In  1892  the 
irage  cost  was  7d.  per  ton. 

Bdfast  Lough. — For  cutting  a  deep-sea  channel  through  the 
id  and  clay-bonks  for  the  navigation  of  the  outfall  of  the 
er  Lurgan,  two  tw^in-screw  hopper  dredgers,  having  enginea 

1000  I.H.P.,  of  a  capacity  of  800  tons,  were  employed,  each 
jable  of  lifting  500  tons  an  hour,  and  of  working  to  a  depth 
80  feet  The  dredgers  commenced  work  in  1885.  and  during 
h  greater  part  of  the  time  worked  night  and  day  by  the 
I  of  the  electric  light.  The  distance  of  tmnsport  waa  10  miles. 
B  quantity  raised  and  carried  to  sea  was  5,474,424  tons.  The 
|tra^  coat  for  wages,  coal,  stores,  and  repairs  is  given  as 
nd.  per  ton,  the  interest  and  depreciation  being  estimated 
\l-i6d.  The  total  time  of  working  waa  55>[  mouths;  the 
fngB  weekly  tonnage  dredged  and  deposited  by  each  machine 
^  12.330  tons.  About  one  ton  of  coal  was  used  in  the  removal 
i404  tons  of  clay  and  sand.  The  ordinary  number  of  engine- 
Ore  run  a  day  was  21^.  but  the  average  for  the  C  days,  19J 
Ure.  Four  journeys  were  made  in  a  day,  the  dredging  occupy- 
f  li  hour  and  the  transport  3i  hours.  Some  of  the  material 
1  oat  of  the  river  channel  has  been  deposited  on  to  the 


t 
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I  and  silt,  was  O940t!.  per  ton,  exclusive  of  repairs.  Wages 
B  0703tf. ;  coal.  0147rf.;  stores  and  oil,  0090.  The  vessel 
lired  ten  hands  to  work  her.    The  time  occupied  in  tlie  woik 


Tnnapoct   ... 

Goaliag 

Deteotinn  from  w rather 

Otherdeteiitiona 


Total     ...  10000 


The  cost  of  dredging  the  same  material  by  a  stationaiy 
iger  was  4'897(i-  per  ton. 

Wick. — The  removal  1 30.000  cubic  yards  of  clay  and  boulders 
a  Wick  harbour  cost  £17,35-5,  or  at  the  rate  of  28.  9d.  per 
ic  yard, 

Sttianeea. — The  cost  given  by  Mr,  Capper  of  dredging  a  new 
nnel  from  the  estuary  to  Swansea  Dock,  tlie  material  consist- 
of  mud,  clay,  and  gravel,  was  for  336,708  tons,  i-emoved 
h  a  dredger  and  hopper  hired  from  the  Tyne  Commissioners — 


Cost  of  biLDgiiig  and  returuing  dredgei  aud  Ijoppcr 
Hirootplant 


371 


^^owing 


isequently,  with  a  double-ladder  dredger  capable  of  lifting 
tons  an  hour,  purchased  at  a  coat  of  £27,500,  with  hoppers 

ing  £2100  each,  the  dredging  and  conveying  cost  3'525c^. 
ton,  exclusive  of  interest  or  depreciation.     The  percentage 

ime  occupied  in  the  work  was — 

Repoint       ...  ...  ...  ...  ...  ...     16'3G 

Cooliu^  nod  deluj'B  fiMBi  tnifSo,  etc. 
Bod  vcnthei 
Dredging    .,, 


1736 
16'G0 

4978 


Total 


Boston  Haven. — The  bed  of  the  river  Witham,  which  passes 
ingh  the  harbour  of  Boston,  consists  of  hard  boulder  clay, 
rlaid  in  places  by  softer  brick  clay.  The  lowest  tender  which 
d  be  obtained  for  deepening  the  bed  of  this  channel  3  feet 
'  a  distance  of  about  3  miles,  was  2a.  tid.  per  cubic  yard 
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measured  in  kHm,  equal  to  about  \a.  Sd.  per  ton.  bi  tlui  ■ 
the  contractor  had  to  bring  the  dredger  to  the  riv«r  frm 
distance,  and  the  quantity  to  be  removed  was  compantittl 
small.  The  distance  the  material  had  to  be  conveyed  to  t|^^ 
estuary  was  6  miles.  Subsequently  the  same  channel  was  deepai 
from  1  foot  6  inches  to  2  feet  by  an  Eroder  Dredger,  ai  ■  n 
varying  from  l'2(jd.  to  297rf.  per  ton,  according  to  the  hanJOH 
of  the  material,  the  current  itself  transporting  the  material  vu. 
By  the  same  means,  shoals  of  alluvial  matter,  which  had  i^ 
cumulated  in  the  river  and  at  the  approach  to  Boston  Dot^ 
were  removed  at  a  cost  of  from  OTad.  to  0-94(?.  per  ton, tk 
price  previously  paid  for  the  work  done  by  contract  bua 
1»,  Qd.  per  ton.  In  a  report  presented  to  the  comroisaionen  it  n 
shown  that  the  saving  in  two  years  on  removing  37,434  U 
of  material  from  the  shoals  and  from  the  bed  of  the  mtt,  u 
compared  with  the  cost  of  removal  at  the  previous  emtne 
prices,  had  been  £2370,  the  average  cost,  including  hard  dw 
and  alluvial  matter,  being  2-3Sd.  per  ton,  the  total  outlay  a 
the  machine,  including  a  Priestman  grab,  having  been  £15W. 

Lovjestoft.^-T^he  dredger  used  by  Mr.  Langley  here  was60tei 
long  by  20  feet  beam.  The  suction-pipe  was  12  inchea  diai 
and  25  feet  long,  made  of  indiarubber,  strengthened  by  coile 
wire  inside.  A  derrick  supported  the  flexible  tube,  and  raisedu 
lowered  it.  The  pump,  the  fan  of  which  was  2  feet  in  diamcli 
raised  on  an  average  200  tons  of  sand,  gravel,  and  stones  ft 
hour,  working  in  a  depth  of  25  feet,  the  maximum  quantil 
being  400  tons.  Occasionally  large  stones  and  iron  hucket-poi 
over  3  lbs.  in  weight  were  sucked  up.  The  cost  of  the  dredger* 
£2000 ;  and  of  raising  the  material  and  conveying  2  miles  to  M 
2(/.  per  ton,  the  quantity  raised  being  abont  200,000  tons  a  y 

The  Jfersey.— A  hopper  dredger,  employed  under  the  diredit 
of  Mr.  G.  F.  Lyster  for  the  Mersey  Docks  and  Harbour  1 
fitted  with  four  grab  buckets,  and  having  hopper  capadt]f 
of  900  tons,  raised  from  the  docks  and  delivered  the  materiU 
8  miles  to  sea  at  a  cost  of  l'7>id.  per  ton,  of  which  0'61i.«lt 
for  wages,  O'Slrf.  for  coal  and  stores,  066(?.  for  repairs: 
deepening  the  bar  of  the  Mersey,  two  steam  hopper  suctira- 
dredgers  of  500  tons  capacity,  fitted  with  centrifugal  pumpu 
suction-pipes,  have  been  used.  Up  to  the  spring  of  183 
860,000  tons  of  sand  had  been  removed  by  this  means.  Th* 
dredgers  removed  on  an  average  each  300  tons  an  hoar,  h 
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biding  the  time  occupied  in  transport.  The  experiment  having 
(Wved  thoroughly  succeasl'ul,  the  Board  have  had  built  for  them, 
ly  the  Barrow  Navaf  ConRtruction  CompaDy,  a  twin-screw 
topper  suction -dredger  capable  of  holding  3000  tons.  The 
le^  is  320  feet ;  beam,  46  feet  10  inches ;  depth.  20  feet  6  inches. 
fbe  vessel  ia  divided  in  eight  hoppers,  a  well  being  formed  in 
lAe  middle  for  the  working  of  the  suction-tubes,  which  are  3  feet 
{ inches  in  diameter,  and  can  be  lowered  to  a  depth  of  45  feet. 
rhere  are  two  centrifugal  pumps  3  feet  in  diameter,  capable  of 
using  4000  tons  an  hour,  driven  by  two  sets  of  triple  expansion 
Dgines.  The  engines  are  capable  of  filling  the  hoppera  and 
iking  the  vessel  to  the  place  of  deposit  and  back  again  in  an  hour. 
Queensland. — In  an  official  report  of  the  Engineers  of  the 
[arbours  and  Rivers  in  Queensland,  the  cost  of  raising  6J 
lillion  cubic  yards  by  dredgers  in  12  years,  averaged  7'51[^  per 
ibie  yard,  say  5'70d.  per  ton.  The  price  varied  very  consider- 
aily  according  to  the  quality  of  the  material  and  the  distance 
(  which  the  spoil  had  to  be  carried.  The  lowest  cost  was 
49(i  per  cubic  yard  at  Cairns.  In  the  narrows  at  Gladstone 
te  cost  was  27'S3d.  per  cubic  yard,  the  material  being  of  an 
ttremely  hard  and  obstinate  nature. 

ITew  South  W(Uf8. — A  report  made  by  Mr.  C.  W.  Darley,  the 
igineer-in-chief  of  the  rivers  and  harbours,  to  the  Legislative 
ssembly,  as  to  the  dredging  operations  carried  on  in  1S89  and 
i90,  states  that  the  plant  used  then  consisted  of  14  single  and 
lable  ladder  bucket  dredgei-s  capable  o£  dredging  at  depths 
itying  from  35  feet,  17  steam-tugs,  2  steam  hopper  barges,  2 
nd-pump  dredgers,  and  18  Friestman  grabs.  In  addition  to 
iiich  there  has  since  been  added  to  the  fleet  a  twin-screw 
able  sand-pump  hopper  dredger  capable  of  carrying  500  tons, 
liicb  had  been  made  by  Messrs.  Simons  and  Co.  of  Renfrew, 
id  additional  suction-dredgers. 

The  total  quantity  raised  by  the  bucket-ladder  dredgers  in 
ic  two  years  was  6,663,942  tons,  the  cost  being  as  follows; — 

■WftgM       32119 

Cool ...  0-4*20 

Bepain     ...  ...  ...  ...  ...  ...  0-9515 

Storea  and  incidcQtolB  ...  ...  ...  ...  0-159(1 

Dredging 5-OG50 


k. 


Total    ...    e-S880 
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The  diatance  the  material  had  to  be  conveyed  is  not  given. 
the  greater  part  of  it  had  to  be  carried  out  to  sea.     The  di 
were  employed  at  Sydney,  Newcastle,  The  ManniDg,  Richmu 
Hunter,  Clarence,   Bellinger,  and   other   rivers.      The  sni&i] 
cost  of  dredging  only  was  219!l  for  sand  and  mud  nLicd 
Newcastle,  and  the  highest   26823  for   dredging  sand  in  I 
Clarence  river,  wages  amounting  to  13828,  and  repairs  ^\X[, 
and  coal  1'612.     The  average  cost  of  the  working  of  fourtMS 
Priestman  grab  dredgers  in  raising  571,139  tons  of  sand,  jTrartl, 
and  clay,  was  T'STlSi/.  per  ton  ;  tlie  maximum  average  of  *3sj 
one  grab  being  14'385rf.,  and  the  minimum  3017(f.     Tlie  col 
of  working  five  grabs  employed  in  lifting  131,790  tons,  com 
ing  principally  of  the  debris  rock  blasted,  many  of  the  pit 
weighing  from  3  to  4  tons,  was  11'529(?.  per  ton.    The  maiiiii 
of  any  one  grab  was  16087('.,  and  the  minimum  SlSld.  [lepl 
The  coat  of  raising  and  conveying  on  to  the  land  837,000 1 
of  sand  and  silt  was  as  follows  : — 


W«JM  

Coal  

B«pBira    ... 

Stores  (kDil  iuoidcntola 


...  iirao 

...  0-2(i(H 

...  OiSM 

01820 

Total     ...  2-0806 


The  cost  of  tlie  coal  varied  from  68.  2fi.  per  ton  to  £1  6«.  8d 
the  average  being  12s.  ^\d.     The  wages  of  the  engineers  i 
from  SXI  to  £20  a  month;  of  engine-drivers,  £10  to  £13 
men,  £9  to  £12 ;  and  other  men  in  proportion. 

AfnAr-icwfi    Lake.    Canals. — Tlie    average    tenders    recein 
recently  for  dredging  for  the  21-feet  channel  between  Dnlnf 
and  Chicago  and  Buffalo  were  as  follows :    For  380,000 
yards  of  sand,  giavel,  and  hard  pan  In  Little  Mud  Lake,  1&T4 
for  950,000  yards  of  clay  and  sand  at  St.  Clair  flats,  lljtt;  " 
2,900,000  yards  of  clay  and  sand  at  Grosse  Point,  Is.  2rf,; 
1,086,000  yards  of  sand  and  gravel  at  the  mouth  of  the  Deti 
Is,  'od. ;  and  for  90.366  yards  of  limestone  rock  at  Sailors'  i 
campment,  14d.  lOtZ.  (the  lowest  tender  for  this  was  I0«.  li 
per  yard). 

Bilbao. — In   the    improvement  of   the   harbour    here,  u 
dredging  a  channel  3280  feet  long  and  18  feet  below  low  wi 
in  1876,  about  three-quarters  of  a  million  cubic  yards  of  a 
and  mud  had  to  be  removed  and  raised  from  the  barges  21  fed 


diBcharged  into  the  old  river  channel,  A  centr&l-ladder 
iger,  capable  of  raiaing  800  tons  a  day,  was  used,  and  the 
srial  was  raised  from  the  barges  by  akepa  raised  and  lowered 
1 12-H.P.  portable  engine.  The  average  cost  per  cubic  yard, 
iven  by  Mr.  Barron,  the  resident  engineer,  was — 


Dredgiag  and  Slling  borgea 

flMging        

DladwiKing  buges    ... 


bout  5o5(/.  per  ton. 

5anwie.— The  dredging  in  the  Sulina  channel,  the  material 
isting  of  1,749,392  cubic  yards  of  clay  and  sand,  cost,  with 
icket  dredger  of  40  H.P.,  2-414*;.  for  dredging,  and  l-597d. 
lansporting  2  miles;  a  total  of  i-Olld.,  equal  to  about  3d. 
ion.  For  raising  and  removing  3,284,834'  cubic  yaids  with 
ction-purap,  the  average  cost  was  2'402d.  per  cubic  yard, 
X)ut  l'825rf.  per  ton. 

iiver  Wener. — About  14  million  cuVjic  metres  have  been 
ived  since  the  improvement  works  commenced  in  1882,  the 
itity  during  the  last  few  years  being  over  4  million  cubic 
es  a  year.  The  dredging  is  carried  on  night  and  day  by 
af  the  electric  light  for  ten  months  in  the  year,  being 
nipted  during  the  rest  of  the  time  by  the  ice.  There  are 
oyed ;  6  bucket  dredgers  capable  of  raising  120  to  250 
!  metres  an  hour,  2  suction  dredgers,  3  chain  dredgers 
driving  machines  lifting  150  to  180  cubic  metres  an 
,  22  steam  hoppers,  5  tugs,  and  60  barges.  The  material 
IKtaited  by  the  hopper  barges  at  the  back  of  the  training 
I  BO  long  as  the  depth  of  the  water  will  allow  of  this 
J  done;  but  when  it  becomes  too  shallow,  the  material  is 
sited  by  the  hoppera  at  the  side  of  the  channel,  and  raised 
uckets  and  chains  and  discharged  through  sheet-iron  tubes 
foot  diameter  over  the  walls,  the  average  distance  being 
feet.  Water  is  discharged  into  the  pipes  by  a  centrifugal 
p  at  the  rate  of  9  of  water  to  1  of  material.  In  some  2ases 
nud  is  raised  by  the  pumps  through  suction-pipes.  The 
of  the  dredging  and  removal  by  the  transporting-machines 
0  the  land  is  029  marks  per  cubic  metre,  or,  including 
t  on  outlay  and  depreciation  and  management,  045  marka. 
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This  is  eqtuU  to  aboat  350(1  per  ton  for  the  dredging  and  d 
of  material,  and  2'80ci.  for  interest  and  dqirectation. 

Amsterdam.  Canal. — The  eadaaa  dre^ers  used  in  tlw  0 
Htrnction  of  this  canal  had  oentrifttgal  jrampa  4  fieet  diua 
with  18-ioch  suction  and  delivery  pipes,  the  pomps  ntniiiq 
180  revolutions  a  minute.     The  pipes  were  fixed  between  g 
timbers  fixed  to  the  end  of  the  vessel,  and  tackle  proridedl 
raising  and  lowering  them.     The  engines  were  worked  tip 
about  55  HJ*.,  and  1^  ton  of  coal  was  ased  a  day.    The  o 
of  the  vessel  and  pump  was  £5000.     Eaeh  machine  raised  • 
delivered  about  1300  ton»  of  sand  a  day  into  barges,  at  a  o 
of  about  IJd.  per  ton. 

Dumkirk. — The  dredging  in  the  sea  outside  the  j 
amoonting  to  over  600,000  cubic  yards  a  year,  is  effected  I 
screw-hopper  suction  dredgers.  This  work  was  formerly  1 
by  contract,  the  price  at  first  being  about  Is.  9rf,  per  ton; 
was  gradually  reduced  to  7-28d.  The  work  was  then  taken 
hand  by  the  authorities,  and  the  cost  reduced  to  I'iGd.,  indo 
ing  everything  except  plant.  The  dredgers  used  were  a 
pump  hoppers,  having  a  suction-pipe  on  each  side  and  I 
pumps.  The  hopper  capacity  is  314J  cubic  yards.  1'he  p 
are  driven  by  engin&s  of  165  I.H.P.,  giving  120  revolatioot 
minute  to  the  pump  and  106  to  the  screw.  The  vessel  t 
steam  six  knots  empty  and  tive  loaded,  and  requires  a  crew 
eight  men.  The  pump  is  5  feet  1  inch  in  diameter,  and  d 
charges  11,000  gallons  a  minute.  The  mixture  pumped  costui 
4  to  10  per  cent,  of  sand,  which  settles  in  the  hoppers, 
of  2  feet  does  not  stop  the  work.  The  cost  of  the  dredging  fi 
wages,  coal,  and  repairs  is  103d,  per  cubic  yard,  and  f 
transport  3  miles,  O-420(if. ;  total,  l-i56d.  The  dredgers  cost  £ 
each.  Dredging  in  the  basin  by  contract  with  bucket  dndga 
and  conveying  34  miles,  cost  lOUOd.  per  cubic  yard,  and  8<IIi 
in  the  tidal  harbour.  The  difference  of  measurement  t>etwi 
the  material  in  situ  and  when  measured  in  the  barges  vui 
from  25  to  45  per  cent.,  according  to  the  age  of  the  depn 
The  cost  of  pumping  up  sand  and  conveying  it  through  la 
floating  pipes  on  to  the  land  is  1J(?.  per  ton. 

OateTid. — The  removal  of  325,000  cubic  yards  of  sand  in  ti 
open  sea  off  the  coast  of  Belgium,  for  deepening  a  channel  fan 
the  Stroom  bank  by  suction-hopper  dredgers,  cost  3'Oid.  p 
cubic  yard,  or  say  2'18d.  per  ton. 
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Boulxyne. — The  dredging  outside  the  piers  here,  commenced 
1  1883,  was  let  by  contract.  Steam-hopper  dredgers  fitted  with 
inmps  and  suction-pipes  were  used  for  raising  the  sand  to  be 
emoved.  The  distance  the  material  had  to  be  removed  was  two 
ules.  The  contract  price  varied  from  6W-  to  T^d.  a  cubic  yard 
aessured  in  the  barges,  say  -tGS  to  5-22J.  per  ton.  The 
«taal  cost  of  the  work,  exclusive  of  any  allowance  for  the  use 
if  the  dredgers,  was  3-34'/.  per  cubic  yard,  equal  to  240d. 
«er  ton.  It  was  found  that  the  dredgers  could  continue 
rorking  when  the  head  waves  did  not  exceed  3  feet,  and  the 
roas-waves  half  thia 

In  the  harbour,  bucket-ladder  dredgei-s  discharging  into 
lopper  barges  were  used,  the  distance  the  material  waa  conveyed 
leing  two  miles.  The  contract  price  for  removing  raud  and 
and  was  1228(/.  per  cubic  yard  measured  in  the  baizes; 
W  hard  Kinmieridge  clay,  3238fr ;  for  rock  lying  in  shallow 
leda,  which  could  be  operated  on  by  the  buckets  of  the  dredger, 
O"40rf.  These  prices  may  be  taken  as  about  equal  to  9'21, 
4-60,  and  56-32<i.  per  ton.  It  was  considered  that  the 
rork  could  have  been  done  at  less  cost  if  more  powerful 
lachinery  had  been  employed. 

The  Svver}\. — In  the  works  recently  carried  out  for  improving 
lis  river  below  Worcester,  under  the  direction  of  the  late  Mr. 
[.  J.  Martin,  about  12,000  cubic  yards  of  marl  rock  had  to  be 
imoved.  This  was  effected  by  an  ordinary  bucket-ladder 
redger,  having  steel  claws  on  the  bucket-chain,  one  pair  of 
aws  being  placed  between  each  two  pairs  of  buckets.  The  cost 
'  removing  the  rock  and  depositing  it  on  the  river-bank  cost  on 
I  average  Is.  3(/.  per  cubic  yard,  .say  \\¥kl.  per  ton.  This 
idaded  wages,  coal,  repairs,  and  all  other  expenses.  The  silt 
id  soft  material  coat  6(f.  per  cubic  yard,  or  432(/.  per  ton 
IT  dredging  and  depositing. 

In  the  improvements  which  were  previously  carried  out  in 
lis  river  by  Sir  W.  Cubitt  about  1842,  the  rock  was  removed 
y  blasting.  Holes  were  drilled  6  feet  apart  and  2  feet  below 
he  surface  to  be  dredged,  A  2^inch  iron  pipe  was  driven  into 
he  marl  a  few  inches,  and  the  holes  bored  by  jumpers  and 
lUgers  passing  through  it.  In  the  holes  cartridges  covered 
Tith  canvas  were  inserted  and  fired  by  a  Bickford  fuse.  The 
MBt  waa  43.  per  cubic  yard  for  loosening  and  dredging. 

Sydneu  Harbour  Blasting. — For  removing  rock  under  water 
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at  these  works  iu  1874,  an  account  of  which  ia  given  in  a  l«fHrl 
by  Mr.  Keeling  in   the   Proc.  InsU    C.E.,   vol   xi.,  gunpoin 
was  first  useil,  and  subaetiuently  dynamite.     The  cost  wilh  thll 
gunpowder  was  os.  6d.  per  cubic  yard,  and  with  dynamite  U,  I 
made  up  as  follows : — 

Removing  10  cubic  yarda  of  marl  rock  and  hard  red  si 
stone  3  feet  in  thickness  and  12  feet  under  water 


DrilllDg  S  holes,  IS  feet  @  Gd. 
Djnamite,  5  Iba.  @  2>.  2d. 
Five  detouatoTB  a-od  wi]:e  @  ejd. 
Five  caovfiB  bugs  @  Id.     ... 
Dredging  10  cubic  ^ards  @  Is.  Gd. 
Interest  on  plant,  aharpeniag  tools, 


£    1.  ^ 

0    7  « 

0  10  W 

0    t  g 

0    0  E 

0  IS  S 

0    3  t 

Tolnl     ...  1  19  9 


The  holes  were  drilled  from  a  raft  40  feet  long  by  20  fed 
broad.  A  wrought-iron  pipe  was  carried  through  the  floor  a( 
the  raft  until  it  rested  on  the  rock.  Within  the  pipe  a  jumps 
21  feet  long  and  1^  inch  diameter  was  inserted  to  bore  the  hdt 
in  the  rock.  The  drill  was  2J  inches  in  breadtli ;  the  jmnptf 
was  attached  to  the  end  of  a  beam  suspended  in  the  centre  fin 
a  frame  fixed  on  the  pontoon.  One  man  held  the  jumpers  ai 
two  men  worked  a  rope  attached  to  the  other  end  of  the  heu^ 
by  which  action  the  jumper  was  alternately  raised  and  loweni 
The  pipes  were  perforated  at  the  bottom,  which  allowed  tb 
holes  to  be  bored  to  the  required  depth  without  the  aid  of  n 
auger  to  clean  them  out,  the  action  of  the  jumper  acting  u> 
plunger  and  efiecting  the  removal  of  the  pulverized  rock. 

The  dynamite  was  placed  in  a'calico  bag  9  inches  long  by 
2J  inches  in  diameter,  into  which  was  inserted  an  electrie 
detonating  fuze.  The  charge  of  dynamite  was  wrapped  in  li^ 
and  lowered  into  the  hole  through  the  pipe,  and  the  (npa 
removed.  Very  little  tamping  was  required,  the  12-feet  head  of 
water  being  nearly  sufficient  in  itself.  The  fuse  was  exploded 
by  Siemen's  small  "  dynamo -electro  mine  exploder." 

Blytk  Harhowr  Blaeting, — Gunpowder  was  also  first  tried  bj 
Mr.  Kidd  here  in  18S+,  and  afterwards  abandoned  for  Nobd^ 
blasting  dynamite  and  gelatine  placed  in  water-tight  tin  a 
2  inches  in  diameter,  closed  at  the  top  with  wood  plugs.  No 
tamping  was  used.     The  boring  was  done  by  hand.     The  cost  rf 


boring  and  blasting  24,500  cubic  yards  of  yellow  sandstone  rock 
*nd  shale  to  a  depth  of  15  feet,  a  part  of  which  was  dry  at  low 
*ater  of  spring  tide,  and  covered  14  feet  G  inches  at  high  water, 
the  depth  given  at  the  completion  of  the  work  being  29J  feet, 
was  1«.  9d.  per  cubic  yard  for  boring;  Is.  id.  for  explosives; 
and  dredging  and  conveying,  including  repairs,  3^. ;  or  a  total 
cost,  exclusive  of  any  allowance  for  plant,  of  Qs.  Id.  The  propor- 
tion of  explosive  was  0'853  lb.  per  cubic  yard  of  rock  removed. 

The  broken  rock  was  dredged  up  by  a  bucket-ladder  dredger 
of   25   H.P.,   which   lifted   on  an  average  G   tons   of  rock   an 
hour.     A  Priestman  grab  was  also  used  for  the  removal  of  large 
■pieces  of  rock,  many  of  which  weighed  from  1  to  2  tons.     The 
material  was  conveyed  3  miles  to  sea  (Prw.  Tnnt.  C.E.,  vol.  xxxi,). 
The  St.  Laxixrence  River. — For  removing  shoals  of  blue  lime- 
stone studded  with  flint  in  this  river  in  Canada,  in  a  depth 
<"?  12  feet  of  water,  increased  to  17  feet,  the  contract  price  was 
SilO  dollars  (4l8.)  a  cubic  yard.     The  explosive  used  was  nitro- 
^jcerine,  and  the  chai'ge  was  placed  12  to  15  inches  below  the 
required  bottom.     The  holes  were  bored  with  Ingersoll  drills, 
varying  from  IJ  to  2J  inches  in  diameter,  having  four  cutting 
edges  of  steel.     The  motive  power  was  supplied  from  a  steam 
boiler  on  the  barge  from  which  the  drills  were  worked.     The 
cartridge  was  15  inches  long,  ^-  iuch  in  diameter,  and  placed  in 
A  tin  tube  IJ  inch  in  diameter,  and   the  charge  was  tired  by 
electricity.     The  average   charge   per  cubic  yard  was  132  lb., 
and  the  quantity  of  rock  removed   3t'600   cubic  yards.     The 
average  depth  of  the  bore-holes  was  5  feet  (Proc.  Inst.  C.E., 
voL  Ixxx.). 

River  Yarra,  Melbourne. — For  removing  a  shoal  of  hard 
basaltic  rock,  and  deepening  the  channel  from  12  to  19  feet, 
drills  were  used,  worked  from  the  deck  of  a  pontoon  stage,  and 
driven  by  compressed  air.  The  explosive  used  was  Nobel's 
No.  1  dynamite,  placed  in  oiled  calico  cartridges  in  charges 
varj'tng  from  3  to  8  lbs.  The  holes  were  charged  by  a  diver. 
Sling-cbains  and  skeps  tilled  by  the  divers  were  used  for  raising 
the  material.  The  work  lasted  3J  years,  and  cost  £17,351,  the 
plant  costing  £3,597  in  addition.  The  quantity  of  rock 
removed,  20,087  cubic  yards  ;  22,191  cubic  yai-ds  of  clay  being 
also  taken  away.  The  cost  of  boring,  blasting,  and  placing  the 
rock  in  barges  was  128.  Sfrf.  per  cubic  yard.  Ten  tons  of 
were  used  (Proc.  Iiiet.  C.E.,  vol.  Ixxiv,). 
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iurwtr  ia«t  liui^  Irtiwif  ^dobc.  Tbf  ^ircDis  fur  tbe  fiul 
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i  an/l  2,  J  Vi7  T  "  The  Clyde,"  by  J.  Deas,  voL  36 ;  "  Dredging 
^'/A/Ji;j;<ford  f»u;/h/'  J.  Burton,  voL  44 ;  "  The  Danube,"  C.  a  L 
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hnulifitr;' a.  Wigginn,  voL  104;  "Dredging  and  Dredge  Plant," 
\ty  A.  (*.  Hchonl^ierg.  "Inland  Navigation  Congress"  (Man- 
«lM'rtt<;r,  J  800;. 


the  object  in  carrying  out  works  iu  tidal  rivers  is  to  improve 
CQ  for  tlie  purposes  of  navigation,  it  is  essential  tliat,  before 
'  attempt  in  made  to  advise  as  to  the  method  to  be  pursued 
ibtaining  the  desired  conditions,  a  knowledge  of  the  reqiiire- 
ita  of  a  vessel  in  navigating  a  tidal  channel  should  be 
uired. 

The  following  may  be  taken  eus  the  chief  matters  to  be  taken 
isi deration  by  an  engineer  in  designing  works  for 
iroving  the  access  to  a  port ; — 

Seqnirements  of  Havigation. — I.  The  character  of  the  shipping 
ich  frequents  the  port,  or  which  will  be  attracted  by  increased 
immodation. 

II.  The  depth  of  water  required  in  the  channel  for  the  class 
easels  trading  to  the  port. 

III.  The  time  the  depth  must  be  maintained. 

IV.  The  distance  of  the  port  from  the  aea,  and  the  time 
aired  to  navigate  tho  river. 

V.  The  velocity  of  the  current,  and  its  effect  in  increasing  or 
irding  the  progress  of  the  vessel. 

VL  The  draft  of  vessels  in  relation  to  the  quantity  of  cargo 

ied. 

VII.  The  depth  required   beyond   the  actual  draft   of  the 

Bel  to  enable  her  to  pass  over  a  bar,  to  steer  in  the  channel  of 

river,  or  pass  over  the  sill  of  a  lock. 

Vin.  Where  the  distance  from  the  sea  is  great,  the  provision 

mooring  vessels  aHoat  at  some  point  between  the  sea  and  the 

boar. 

IX.  The  minimum  radius  of  curvature  round  which  vessels 
be  safely  na^■igated. 

X.  The  length  and  beam  oE  vessels  in  relation  to  the  size  of 
Njuired  tor  docking. 


L 
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XI.  The  length  of  quays  required  to  discharge  &  gi*«a 
tonnage. 

Septh  of  Water. — ^With  regard  to  the  second  and  thh 
matters,  it  is  a  very  great  advantage  to  steamers  engaged  intt 
passenger  trade  if  the  depth  of  the  water  in  the  chamd  b 
sufficient  to  enable  them  to  arrive  and  depart  at  fixed  h 
and  consequently  at  any  state  of  the  tide.  Vessels  which  ttadf 
with  ports  situated  at  long  distances  away,  such  as  those  in  ti 
Pacific  and  Atlantic,  are  generally  of  the  largest  clasi,  a 
require  a  deeper  draught  than  those  whose  chief  trade  is  nli 
the  Continent  or  in  the  coasting  trade. 

In  Appendix  XI.  will  be  found  a  list  of  all  the  chief  poill 
in  the  kingdom,  with  the  number  of  vessels  entering  and  thdr 
tonnage  for  the  year  1891.  From  this  it  will  be  seen  I 
although  London  has  the  largest  tonnage  of  any  port  in 
kingdom,  the  average  tonnage  of  the  vessels  is  only  256  t4iu,a 
a  little  more  than  half  that  of  Cardiff,  which  with  41)4  tuiuha 
the  highest  average ;  or  of  Liverpool  with  i89  ;  or  of  the  Tjw 
ports  with  480  tons.  Bristol  has  only  an  average  touakge  (( 
159J  tons;  while  Hull,  with  a  less  number  of  vessels, h"  u 
average  of  458,  and  Grimsby  412  tons;  Dundee,  with  only  128? 
vessels,  has  an  average  tonnage  of  454 ;  and  Granton,  witi  ml; 
510  vessels,  of  4G7  tons.  In  the  larger  ports  the  average  ii 
brought  down  by  the  small  coasting-vessels. 

The  small  coasting-vessels  under  50  tons  register  constitute 
nearly  28  per  cent,  of  the  whole  ships  in  the  kingdom,  or,  takng 
up  to  100  tons,  nearly  54  per  cent.  Those  between  100  and  8M 
constitute  21  per  cent. ;  and  between  SOO  and  2000  tons  21  fv 
cent.,  leaving  only  \\  per  cent,  above  2500  tons  (see  Appendix). 

In  some  tidal  rivers  the  navigation  depends  entirely  on  I' 
rise  of  the  tide,  the  channel  being  practically  dry  at  low  wah 
in  others,  vessels  of  small  tonnage  only  can  navigate  the  river  il 
neap  tides,  those  of  large  tonnage  being  only  able  to  reacb  tlU 
docks  at  spring  tides,  and,  if  arriving  during  neaps,  have  to  lie  i( 
the  roadstead  or  lighten  their  cargoes  into  barges.  In  other  ri»M 
there  is  depth  for  small  crafl  at  low  water,  and  for  larger  veael 
when  the  tide  is  half  flood,  leaving  a  much  longer  period  ibr  tit* 
navigation  of  the  river  than  when  the  depth  required  is  d 
entirely  to  the  tide.  In  rivers  in  the  best  condition  for  narij;!- 
tion,  the  depth  of  water  in  the  channel  is  sufficiently  deep  for  it* 
navigation  by  all  vessels  at  all  times ;  the  rise  of  the  tide  il 
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rate,  so  as  not  to  require  expensive  constructional  works ; 
L  the  velocity  of  the  currents,  whether  of  ebb  or  dood,  not  so 

■>t  as  unduly  to  impede  the  progress  of  vessels. 
|Bize  of  Vessels. — The  character  of  shipping  has  entirely  altered 
^n  a  comparatively  short  period.  Sailing  vessels  have,  to  a 
ly  large  extent,  been  superseded  by  steam.  The  size  of  the 
p  has  very  greatly  increased,  and  for  the  present  appears  to  be 
fely  to  continue  to  do  so.  In  fact,  it  may  be  said  that  the 
nting  factor  of  draught  is  the  depth  of  water  available  at  the 
ndpal  ports  in  this  and  other  countries,  and  that  as  this  is 

Eised  80  will  the  size  of  vessels  continue  to  become  greater, 
,  while  the  number  of  vessels  in  the  merchant  service  is 
er  than  it  was  a  few  years  ago,  the  total  tonnage  has 
wderably  increased.  Taking  the  past  fivo  years,  the  number 
pressels  on  the  Register  is  1034  less,  while  the  tonnage  is 
|ft6,000  tons  more.  The  average  size  of  all  the  vessels  built 
Ir  is  540  tons,  or,  taking  steamers  only,  1000  tons,  Taking  the 
■els  classed  at  Lloyd's,  in  1891  the  average  size  o£  steam 
pels  was  2100  tons  against  1991  in  the  previous  year,  and  of 
W  vessels  169G  tons  against  1783  in  1890. 
pTaking  the  whole  of  the  vessels  on  the  British  Register  as 
»n  in  the  Board-of-Trade  returns,  there  were  in  1S81  38,752 
pels  of  an  aggregate  tonnage  of  8,575,560  tons,  or  an  average 
,921  tons  per  vessel.  In  1891  the  number  of  vessels  had 
fceased  to  36,085,  and  the  tonnage  increased  to  9,901,574, 
Big  an  average  of  about  27(>  tons  to  a  vessel. 
iWhen  the  navigation  of  the  country  was  conducted  in  wooden 
Eng  vessels  of  small  tonnage,  as  compared  to  those  now  in  use, 
I  sufficient  to  provide  berths  and  quays  in  the  channel, 
a  vessel  could  lie  dry  or  only  half  water-borne  at  low 
r  and  discharge  her  cargo.  The  introduction  of  iron  vessels 
sat  length  in  proportion  to  beam,  with  heavy  boilere  and 
linery,  made  it  desirable  that  they  should  always  be  aQoat, 
a  wet  dock  or  floating  accommodation  is  now  a  necessity.  The 
■action  of  the  tirst  wet  docks  in  the  Thames  was  not  under- 
D  so  much  for  the  purpose  of  providing  floating  accommodation 
r  putting  the  ships  in  a  secure  place  where  the  robberies  of 
labia  cargoes,  which  took  place  in  the  open  river,  could  be 
rented.  The  increase  in  the  size  and  dmught  of  vessels  which 
I  taken  place  has  necessitated  the  gradual  reconstruction  of 
jrorks,  which  were  quite  suilicient  for  their  purpose 
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when  6rst  ma'le ;  the  <Iredging  and  deepeomg  of  the 
and  the  building  of  docks  with  larger  locks  and  deejier  siUi 

The  change  that  has  taken  place  will  be  better  realucd  by; 
comparison  of  the  trade  of  the  Thames  during  the  \tA  u 
present  centuries.  In  1700  the  number  of  vessels  naWgattng  tk 
Thames  was  6897,  having  a  total  tonnage  of  435,135,  ttA  ■ 
average  tonnage  for  each  vessel  of  tiSOO  tons.  In  the  nuddkt 
the  last  century  the  number  of  vessels  had  increased  \a  8071 
and  the  average  tonnage  to  d2'35  tons.  At  the  end  of  the  cento] 
13, W4  vessels  entered  the  river,  of  a  total  tonnage  of  1,76S,SII 
and  an  average  tonnage  of  130'39  tons;  or,  taking  onlj  llmri 
vessels  which  traded  to  foreign  porta,  the  averse  tonnage  ai 
1700  was  90  tons;  in  1751,  132  tons;  and  1794,  196  ta» 
The  number  of  vessels  entering  the  port  of  London 
was  51,632,  of  an  aggregate  tonnage  of  13,216,946  tons,  ofN 
average  tonnage  of  256  tons. 

At  Leith,  at  the  beginning  of  the  present  century,  Mr.Telfttt 
in  advising  as  to  the  dock  accommodation  and  size  of  lodn 
required,  found  that  3484  ships  which  entered  that  port 
under  200  tona,  and  drew  under  10  feet  of  water;  135 
between  200  and  400  tons,  drawing  from  11  to  14  feet,  and  onlj 
4  above  400  drawing  15J  feet.  In  1891  3749  vessels  Mitereii 
an  aggregate  tonnage  of  1,247,769  tons,  the  average  tonnage  « 
each  vessel  being  about  333  tons.  The  depth  of  water  on  the  n& 
of  the  lock  at  spring  tides  is  20  feet  G  inches,  and  thLi  is  vA 
found  sufficient,  and  is  about  to  be  increased. 

Modern  Atlantic  liners,  such  as  the  Givm'pmxia  and  iucaBtii, 
are  G25  feet  in  length,  65  feet  beam,  and  draw  26  feet.  Tin 
gross  tonnage  of  each  is  12,950,  and  the  I.H.P  30.000.  Tb» 
Majestic  and  Teutonic  are  582  feet  long,  and  57^  feet  bean, 
and  have  a  draft  of  26  feet.  The  f  orw  and  Borne  are  560  M 
long,  and  draw  24^  feet. 

Modern  vessels  not  only  require  increased  accommodation  (■ 
account  of  their  larger  dimensions,  but  greater  depth  ami 
improved  waterways,  in  order  that  they  may  have  quick  despatd- 
The  nmning  expenses  of  a  large  steamer  are  such  that  it  is  vibl 
to  its  succe.t3  that  there  should  be  as  little  delay  as  possible  ii 
navigating  the  port,  waiting  for  spring  tides,  or  in  discharging 
cai-go.  In  sailing  ships,  it  used  to  be,  and  is  still  to  a  li 
extent,  the  custom  to  discharge  the  crew  as  soon  as  the  ship 
moored  in  dock  ;  the  expenses  under  these  circumstances  of  tit 
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t  are  small  It  is,  however,  more  difficult  to  replace 
a  steamer,  and  they  are  generally  retained  in  port, 
xid  wages  have  to  he  paid.  The  owners,  therefore,  require  that 
ihe  stay  in  port  shall  he  as  short  as  possihle. 

Tosnage  of  VeweU. — The  modern  design  of  steamers  and 
»iling  vessels  has  resulted  in  very  largely  increasing  their 
capacity  for  carrying  cargo  in  comparison  with  their  total 
cubical  capacity,  as  determined  by  the  ])resent  method  of 
measurement  The  measurement  on  which  ships  are  entered  at 
the  Custom  House  is  known  as  the  registei-ed  tonnage,  on  which 
all  dues  and  tolls  are  paid.  This  is  defined  by  the  Merchant 
Shipping  Act  of  1854  (17  &  18  Vict.  c.  104,  clause  21),  and  is 
bised  on  the  cuhical  contents  of  the  hold  of  the  vessel,  after 
making  allowance  for  the  accommodation  of  the  crew.  In  steam 
vessels,  from  the  gross  tonnage  as  found  above,  an  allowance  is 
made  for  the  space  occupied  by  the  machinery  used  for  propel- 
ing  the  ship,  and  the  cubic  coutents  found  after  making  this 
leduction  is  "  the  net  tonnage  "  on  which  dues  are  paid.  Approxi- 
nately,  a  register  ton  ia  equal  to  100  cubic  feet. 

The  quantity  of  cargo  which  a  vessel  will  carry,  or  her 
'  tons  burden,"  greatly  exceeds  her  register  tonnage,  and  varies 
vith  the  build  of  the  vessel  and  also  with  the  class  of  cargo. 
Selecting  a  large  number  of  vessels  from  Lloyd's  Register,  and 
•aking  coal  as  a  cargo,  the  average  quantity  the  vessels  are 
apable  of  carrying  for  every  100  tons  register  is  as  follows: — 


In  Appendix  No.  XII.  will  be  found  an  abstract  showing  the 
lumber  of  vessels  frequenting  all  the  principal  ports  of  the 
dngdom,  with  their  total  and  average  tonnage. 

Draft  of  Ve«SBlB.— The  quantity  of  cargo  which  a  vessel  can 
ionvey  to  a  port  depends  not  only  on  her  size,  but  on  the  depth 
rf  water  in  the  channel  which  she  navigates.  The  navigable 
depth  of  water  is  therefore  the  guiding  factor  in  the  class  of 
shipping  which  frequents  any  particular  port  While  the  engi- 
neer has  been  providing  for  the  larger  cargoes  now  caiTied  by 
increasing  the  depth  of  the  channel  and  the  quantity  of  water 
avsiUble  over  the  sills  of  the  locks,  the  shipbuilder  has  been 
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deBigning  vessels  which,  without  adding  to   the  draught, 
carry  increased  cargoes.     The  small  draught  of  the  Suez 
when  first  constructed  gave  a  great  impetus  to  this  movt 
The  depth  of  the  Canal  has  since  been  increased,  and  the  arci 
draught  of  the  4206  vessels  which  went  through 
2068  tons.     From  a  report  made  by  Mr.  J.   Walker  in  1835, 
vessel  of  500  tons  register  had  a  draught  of  from  13  to  16  ft 
of  500  tons,  from  17  to  18  feet;  and  of  700  tons,  19  to  21  ft 
The  draught  of  vessels  of  the  same   registered   tonnage 
would   be,   for   the   300-ton   vessel,  12   feet;    for   the 
14  feet;  and  for  the  700-ton,  16  feet. 

Vessels  may  be  specially  designed  to  carry  large  cargoes 
very  light  draughts.  Thus,  for  the  lake  and  canal  servia 
in  Canada  and  America,  steamers  are  constructed  capable  ■ 
carrying  3000  tons  on  a  draft  of  14i  feet,  and  4000  tona  oni 
draft  of  17  feet.  These  vessels  are  about  350  feet  in  length 
45  feet  beam,  with  24^  feet  depth  of  hold. 

Although  no  exact  rule  exists,  and  vessels  vary  very  c 
siderably  in  their  draught,  the  following  may  be  taken 
approximately  that  of  modem  vessels : — 

BegtBtcTEd  lonnigp.  Dwi*  Id  EtM. 

GI)-80  ...  ...  ...  ...  ...           8 

100-150  ...  ...  ...  ...  ...    10 

200-3UO  ...  ...  ...  ...  ...    12 

400-500  ...  ...  ...  ...  ...    14 

f,m-vm  ...         ...         ...    ...    ...   15 

G(IO-"W  ...  ...  ...  ...  ...  10 

700-800  17 

BOO-1000  ...  ...  —  ...  ...  18 

1000-1200  ...  ...  ...  ...  ...  19 

1200-1500  ...  ...  ...  ...  ...  20 

1500-2000  ...  ...  ...  ...  ...  22 

2000-3000  ...  ...  ...  ...  ...  23 

3000-iOOO  ...  ...  ...  ...  ...  24 

It  has  been  stated  that  the  capacity  of  a  port  varies  aa  th* 
cube  of  the  navigable  depth  of  water  in  the  channel.  This  nile 
may  apply  to  ports  frequented  by  the  smaller  class  of  vessels,  bsk 
with  the  larger  tonnages  the  value  of  the  port  increases  m( 
rapidly  with  the  depth  than  by  this  law.  It  will  be  seen  frca 
the  above  table  that,  in  tidal  rivers  of  the  smaller  class,  *b 
increase  of  one  foot  in  the  navigable  depth,  or  about  one-fourtli, 
gives  accommodation  for  100  tons  of  increased  carrying  capadty. 
For  ports  frequented  by  vessels  of  1000  tons  register,  one  fooc 
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ntra  depth,  or  alxfut  one- twentieth,  increa-ses  the  carrying 
capacity  200  tons ;  and  in  porta  where  2000-ton  vessels  can  go,  an 
iscrease  of  one-twenty-second  in  depth  increases  the  carrying 
npacity  500  tons,  or  about  one-fourth.  Beyond  this  the  advan- 
tage given  by  depth  increases  very  rapidly. 

The  annual  statement  of  Navigation  and  Shipping,  issued  by 
the  Board  of  Tmde  for  the  year  1891,  an  abstract  of  which  is  given 
in  Appendix  XL,  shows  that,  including  coasting  vessels,  about 
70  per  cent,  of  the  ships  belonging  to  the  British  merchant  service 
do  not  exceed  .500  tons  register.  Tlie  average  draught  of  these 
may  be  taken  at  15  feet.  About  96  per  cent,  of  the  whole 
British  mercantile  marine  is  under  2000  tons  register,  the  draught 
if  the  lai^est  of  these  averaging  about  22  feet.  The  vessels 
^ve  this  di-aught  consist  of  the  large  passenger-steamers 
ngaged  in  the  American  and  colonial  trade,  and  a  few  large 
a.iling  ships  and  cargo-stearaera  built  for  special  services. 

Although  the  bulk  of  the  ships  which  frequent  a  port  may 
nly  have  a  maxiiuura  draught  of  from  IG  to  18  feet,  provision 
lust  he  made  for  the  larger  class  of  vessels,  as  such  cargoes  as 
rain,  maize,  linseed,  etc.,  are  almost  invariably  brought  over 
1  vessels  drawing  from  18  to  22  feet. 

A  vessel  draws  more  water  in  a  river  filled  with  fresh  water 
ban  in  the  salt  water  of  the  sea,  A  vessel  drawing  20  feet  in 
alt  water  will  he  immersed  20  feet  7  inches  in  fresh  water.  To 
.nd  the  difference  of  the  increased  immersion  of  a  vessel  passing 
rem  salt  to  fresh  water,  the  draught  may  be  multiplied  by  1  '029, 
aid  by  0*972  when  pa,ssing  from  fresh  to  salt  water. 

In  addition  to  the  actual  draught  of  the  vessels,  a  certain 
nargin  must  be  allowed  under  the  keel.  In  passing  through  a 
ock  an  allowance  of  one  foot  is  generally  found  sufficient,  or  even, 
m  a  rising  tide,  6  inches.  In  navigating  a  river  channel  where 
•he  water  is  smooth,  unless  a  vessel  has  two  feet  under  the  keel 
ihe  is  said  to  "  smell  the  ground,"  and  will  not  steer  properly, 
although  in  practice  pilots  bring  up  vessels  with  half  this  margin, 
and  even  where  there  is  only  6  inches  to  spare  over  short 
lengths  of  shoals.  Where  the  margin  is  so  small  there  is  con- 
siderable risk  of  the  vessel  grounding,  especially  on  a  falling  tide, 
and  an  engineer  should  never  calculate  on  less  than  two  feet 
fceyond  the  draft  of  the  vessels.  In  estuaries  and  in  crossing 
hM^,  where  there  is  a  swell,  the  least  margin  pilots  consider  safe 
fa  4  feet.    When  the  sea  is  rough,  and  the  waves  of  any  size,  thia 
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water  on. 
_  1  must 

'aeemi  tt  tbe  TCMd,  or  tibe  vatied  ^^^^t**^  she  deaoeods  beln* 
tbe  Bcan  level  of  the  water  wIiob  ptusii^  throiigli  tbe  nrei 
Me.  Mrak  BMkde  wvenl  oiaerfmtioBB  in  Sunderland  LuK  a;  \,. 
■arrrtain  "riiat  thr  'Mend  of  a  venel  was  in  roogh  wt  . 
be  arrived  ai  the  jwm^wm^*  that  small  ooUicrs  paKi.-:. 
a  te»-&et  ware  would  'aeend  7|  to  8  feet;  woall  ooUier- 
lot^  {MW^  thfmgfa  the  same  wave,  would  only  'ec^i 
and  that  the  'aeend  may  be  taken,  on  an  avenge,  at  i 
the  greateat  lift  for  ordinaty  coUlejs.  and  half  the  tif:  uf  Hu 
wave  for  larger  ateamen.  The  lift  <tf  the  wave  being  takai 
the  space  bam  the  troi^  to  the  erest. 

"Wiitth.  of  ChaaneL — ^Tbe  width  <^  a  channel  reqidrtd 
DATigation,  alUtoDgb  a  matter  of  less  importance  Uiu 
depth,  yet  requires  considentJon.  There  must  not  only  be 
for  vessels  going  up  to  pass  thoae  going  out,  but  a  ni 
channel  adds  to  the  difficulty  of  navigating  tbe  vees^ 
diminishes  the  speed.  Vp  to  a  certain  limit,  the  Less  the 
area  of  the  water-way  proportional  to  the  immersed 
area  of  the  vessel  tlie  greater  will  be  the  power  required  I 
drive  the  vessel  through  the  water.  In  confined  cbannela,  it 
generally  considered  that,  for  a  vessel  to  move  freely,  the  aectiog 
area  should  be  such  as  to  give  a  depth  of  3  feet  under  ttl 
bottom,  and  that  the  area  should  be  six  times  the  cross-sectii 
of  the  submerged  portion  of  the  boat.  For  a  cargo-steamers 
1500  tons  register,  this  would  require  a  channel  about  230  fa 
wide  by  23  feet  deep. 

Distance  of  a  Port  from  the  Sea. — The   distance  a  port 
situated  inland  increases  its  advautagc  as  a  centre  of  distribolia 
and  its  commercial  value.     The  increased  length  of  waterwq 
involved,  however,  adds  to  the  difficulties  and  i-equirements  I 
tbe  navi^atioD.     In  such  cases  it  becomes  important  to  ki 
the  time  a  vessel  will  take  to  navigate  between  the  port  and 
sea,  and  the  depth  of  the  water  that  will  be  found  through 
her  course,  which  of  couihs  will  vary  with  the  state  of  th<;  ti 
Thus  a  vessel  having  to  traverse  a  tidal  channel  30  miles  lo 
and  entering  from  the  sea  at  high  water,  would  have  tbe  I 
falling  as  she  advanced,  and  the  depth  of  water  become  Ie« 
further  she  proceeded. 

To  ascertain  the  maximum  draught  of  the  vessel  tint  I 


mer.  The  height  of  the  tide  at  any  given  point  and  at  any 
^en  time  being  ascertained  from  the  diagram  of  the  tides,  the 
ahoalest  places  in  the  river  are  selected,  and  the  heights  above 
those  set  out  on  a  scale  on  the  diagram.  Supposing  a  vessel  to 
leave  the  dock  at  7.30  o'clock,  or  one  hour  before  high  water,  with 
22  feet  of  water  on  the  sill,  and  that  the  first  shoal  place  is 
i  miles  down  the  river;  going  at  the  rate  of  6  miles  an  hour,  she 
will  arrive  there  at  8.15,  or  at  about  high  water,  and  have 
25  feet  of  water  over  the  shoal.  By  the  time  she  arrived  at  the 
next  shoal  the  tide  would  have  fallen  a  little,  but  there  would 
be  26^  feet  of  water  there.  She  would  now  carry  the  tide  with 
ter,  and  proceed  over  the  ground  at  an  increased  rate,  and  would 
arrive  at  the  bar  at  9.2i,  and  have  26J  feet  of  water.  If  the 
ve^el  left  at  an  hour  after  high  water,  she  would  have  20  feet 
on  tlie  dock  sill,  and,  carrying  the  tide  with  her  all  the  way, 
[lave  19^  feet  at  the  first  and  second  shoal  places,  and  19^  feet 
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In  rirer  channels  it  may  be  assumed  that  the  speed  of 
vessel  under  steam  will  not  exceed  10  miles  an  hoar,  bat 
rule  it  may  be  taken  at  8.  The  actual  progress  over  the 
will  be  increased  or  decreased  depending  on  whether  she 
going  with  or  against  the  current,  and  in  proportion  to 
velocity.  Tlius  a  steamer  with  an  8-knot  speed,  going  with  tb 
tide  having  a  2-knot  current,  will  progress  over  the  ground  A 
the  rate  of  10  knots,  or  if  against  a  2-knot  current,  tlien  ber 
progress  will  be  C  knots. 

Lay  Byes. — In  cases  where  the  distance  to  be  travened  fa 
great  and  the  navigation  is  dependant  on  the  tide,  it  becoBMt 
essential  that  pi-oviaion  should  be  made  at  some  point, 
midway  of  the  channel,  for  a  lay  bye  where  the  vessel  cu 
afloat  and  wait  lor  the  following  tide.  As  river  channels  seldoi 
aSbrd  sufhcient  width  for  a  vessel  to  swing  with  the  t)d% 
provision  must  be  made  for  moorings  from  both  stem  and  stei^ 
and  this  can  be  most  readily  done  at  a  mooring  stage, 
which  the  vessel  can  lie. 

Unless  a  natural  pool,  having  sufficient  depth  for  the  vi 
to  lie  afloat  at  low  water,  exists,  it  will  be  necessary  to  providt 
a  berth  by  dredging,  and  this  is  most  likely  to  maintain  id' 
depth  if  it  be  situated  in  a  concave  bead  of  the  channel. 

Dook  Aooommodation. — The  accommodation  required  f(f 
docking  vessels  involves  considerations  of  constructiim  which  ii 
beyond  the  scope  of  a  work  on  tidal  rivers.  It  may,  however, 
be  stated  that  a  dock  lock  200  feet  long  and  ^0  feet  wide  vlQ 
admit  of  the  entrance  of  vessels  up  to  about  500  tons  register; 
250  feet  long  by  !J5  feet  wide,  of  vessels  up  to  1000  tons;  300 
feet  by  50  feet,  up  to  2000  tons;  350  feet  by  .^>0  feet,  up 
3000  tons ;  400  feet  by  60  feet,  up  to  4000  tons. 

To  accommodate  the  large  Atlantic  liners,  the  Mersey  DotI 
Board  are  having  locks  built  700  feet  long,  100  feet  wide. 
40  feet  on  the  sill  at  high  water.  The  lock  at  the  Tilbury  BocI 
on  the  Thames  is  555  feet  long,  80  feet  wide,  and  has  26  feet 
the  sill  at  low  water,  and  45  feet  high  water. 

The  length  o£  a  lock  is  not  necessarily  the  measure 
capacity  of  the  dock.  In  small  docks  the  larger  class  of 
can  only  get  up  on  the  spring  tides  when  the  water  in  t 
-  and  the  dock  at  high  water  is  leveL  It  is  an  error 
make  the  lock  out  of  proportion  to  the  size  of  the  dock.  Tl 
leads  to  a  waste  of  water  in  docking  small  ve'^sels  in  and  ( 
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neap  tides,  ami  to  the  lowering  of  tlie  water  to  an  incon- 
ient  level  below  the  quays. 

It  is  generally  estimated  that  1  yard  of  quay  in  a  dock  will 
e  accommodation  to  a  registered  tonnage  of  from  300  to 
I  tons  in  the  conrse  of  the  year. 

Wrecks. — It  occasionally  becomes  necessary  to  remove  from 
Idal  river  vessels  which  have  become  wrecked  in  the  fair  way 
the  impediment  of  the  navigation.  Under  the  Removal  of 
■ecka  Act  of  1877  (40  k,  41  Vict.  c.  16,  and  amended  by 
Vict.  c.  5),  the  local  harbour  authority  at  any  port  have  the 
»©r  to  clear  away  a  wreck,  and  to  be  reimbursed  out  of  the 
i  of  the  material  or  cargo  recovered  so  far  as  sufficient  for 
I  purpose.  Some  ports  have  obtaioed  further  powers,  and 
I  enforce  payment  by  the  owners  of  all  expenses  incurred  in 
!  removal. 

The  first  duty  of  an  authority,  on  a  wreck  occurring,  is  to 
rk  the  site  with  a  green  buoy  having  the  word  "wreck" 
nted  on  it ;  the  buoy,  where  practicable,  to  be  laid  near  to 
!  side  of  the  wreck  ne.\t  to  mid-channel.  When  a  wreck- 
Tking  vessel  is  used,  she  carries  a  cross-yard  on  a  mast  with 
0  balls  by  day,  placed  horizontally  not  less  than  6  nor  more 
bti  12  feet  apart,  and  two  lights  by  night  similarly  placed, 
lien  a  barge  or  open  boat  is  used,  a  flag  or  ball  may  be  shown 
the  daytime. 

The  Thames  Conservancy  have  the  most  complete  wreck- 
sing  plant  in  the  country,  the  amount  expended  annually 

removing  wrecks  from  the  Thames  amounting  to  between 
000  and  £6000. 

There  are  several  wreck-raising  associations  who  undertake 
raise  sunken  vessels,  their  chief  object  being  the  pre-servation 

the  property  of  the  shipowners  and  underwriters.  These 
KMuations  do  not  enter  into  contracts  for  a  specified  sum,  but 
aige  their  employers  the  cost  of  the  work,  whatever  it  may 
,  The  principal  of  these  is  the  London  Salvage  Association, 
B  Liverpool  Salvage  Association,  and  the  Glasgow  Salvage 
LSOciatioD. 

The  methods  used  in  raising  sunken  ships  are  too  various  to 
tail  here.  Geneiaily  the  process  for  small  vessels  is  to  lift 
em  by  means  of  chains  or  wire  rope  placed  under  the  keel 
d  attached  to  barges  on  either  side.     The  vessel  is  then  lifted 

the  tide,  and  floated  to  a  berth  on  the  shore.     This  process  is 


276  TIDAL  RIVERS. 


also  aaaiated  by  plaemg  empty  barrels  in  the  hold,  taking  care 
so  to  arrange  them  that  they  do  not  lift  the  deck.  With  larger 
yessels  divers  are  employed  to  remove  the  cargo  if  pracdeable, 
and  then  to  cov^  the  hole  which  caused  the  leak  with  shields 
of  iron  or  wood  and  with  a  qaick-setting  cement ;  and,  having 
closed  the  water-tight  compartments,  to  pump  oat  the  water 
with  centriihgal  pnmps.  By  the  aid  of  these  pomps,  also,  sacb 
cargoes  as  grain  can  be  pomped  ont  of  a  snnken  vesseL 

In  some  cases  it  is  necessary  to  destroy  the  vessel  by 
explosives,  bnt  this  should  be  avoided,  if  possible,  as  sunken  pieces 
of  the  vessel  may  become  a  soorce  of  danger  to  the  navigation. 

Where  vessels  have  to  be  lifted,  flexible  wire  rope  is  found 
more  easy  to  handle  than  chain,  and  has  less  slack,  so  that  le« 
of  the  rise  of  the  tide  is  lost 

The  weight  of  an  iron  ship  or  steamer  varies  from  about 
0*70  to  O'SO  of  her  gross  roistered  tonnage.  In  addition 
allowance  has  to  be  made  for  the  weight  of  the  water  filling 
those  parts  of  the  vessel  rising  ont  of  the  water,  and,  if  a  dead 
lift  is  attempted,  the  difference  of  the  weight  of  the  caigo  and 
of  the  water  in  which  it  is  immersed. 

*'  Annual  Statement  of  the  Navigation  and  Shipping  of  tke 
United  Kingdom,"  issued  annually  by  the  Board  of  Trade: 
''Dock  and  Port  Charges  of  Great  Britain  and  Ireland,"  bjr 
R.  Thubron  (London:  C.  Wilson,  1877;  Supplement,  1881); 
"The  Shipping  World  Year-Book"  (London:  Shipping  Worid 
OflSce);  "Steamship  Capability,"  by  J.  Wingate  (Glasgow; 
P.  Forrester) ;  "  Salvage  and  Wreck-raising,"  by  J.  J.  Fletcher, 
C.E.  (London,  1890 :  Shipping  World  Office). 
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BUOYING   AND   LIGHTING  TIDAL   RIVERS. 

^  lighting  and  buoying  of  the  coast  of  thia  country  is  under 
ie  direction  of  the  Trinity  House,  London.  The  manage- 
jpnt  of  the  buoys  and  lights  of  estuaries  and  tidal  livera 
Wolves,  with  few  exceptions,  upon  local  harbour  authorities. 
Ie  information  contained  in  this  cliapter  is  intended  only  to 
R)ly  to  this  class  of  work, 

F  Information  as  to  lighthouses  and  the  larger  class  of  beacon 
^ta  will  be  found  in  the  paper  contributed  by  Sir  James 
iniglas  to  the  Royal  Institution,  and  printed,  with  illustrations 
I  lighthouses  and  lightships,  in  The  Engineer  of  March  29, 
|69 ;  and  also  in  the  paper  by  the  same  author  on  "  The 
BCtric  Light  as  applied  to  Lighthouse  Illumination,"  in  the 
^-seventh  volume  of  the  Proceedi-nga  of  the  Inatitution  of 
M  Engineers. 

The  development  of  steam  power  for  propelling  ships,  and 
>  iocreased  size  of  vessels  employed,  has  necessitated  a  more 
tensive  and  efficient  system  of  lights  and  buoys,  and  a 
Jmnel  must  be  made  as  easy  to  navigate  in  the  dark  as  in  the 
flight  tides.  The  change  also  of  the  material  of  which  buoys 
h  constructed,  and  the  invention  of  new  methods  of  lighting, 
^7e  tended  to  revolutionize  the  system  that  was  in  use  a  few 
|Krs  ago. 

[,  Formerly  the  lighting  of  the  coasts  and  providing  sea-marks 
Kb  undertaken  by  societies  or  private  individuals,  who  obtained 
yal  charters  giving  powera  to  lev-y  tolls  on  passing  ships. 
ie  Trinity  House  Corporation  commenced  its  existence  as 
Bociety,  established  at  Deptford  by  charter  in  the  reign  of 
[Buy  VIII.,  for  the  puipose  of  providing  lights  and  beacons 
t  the  Thames  and  the  southern  district  of  the  East  Coast,  Its 
The  Master  Waidens  and  Assistants  of  the  Guild 
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of  the  most  ^orioos  and  imdiTided  Triailj  and  of  Si.  Ganeot. 
in  the  Pariah  of  Bepifbrd,  Stand,  in  the  Coonty  of  Kent"  Its 
fini  li^tbocue  waa  erected  in  1680.  Chrin|;  to  the  hip 
increase  in  the  ah^ypii^  ti  the  Thamea,  the  leTcniie  incnand 
mnch  more  TwpvStj  than  the  coat  <tf  maintainii^  the  hoop  and 
lightfl,  and  large  soma  were  annnallj  diapenaed  in  diantjr. 
Under  an  Act  passed  in  William  lY/a  reign,  the  power  g^ 
nnder  the  ancient  charten  for  maintenance  of  lig^tthonses  wm 
withdrawn,  and  by  this  Act  and  the  Merdiant  ISiipping  Act  of 
1^54  the  eonstitotion  of  the  Trinitjr  Hoose  waa  nlarged.  Tk 
entire  dnty  of  lighting  and  bnoyii^  the  eoaata  of  England  and 
the  river  Thamea  now  dercdyes  ezdnaivdy  npon  the  Trini^ 
Hoose; 

The  Corporation  conaiata  ^  a  Master,  Depotjr  Master, 
nineteen  acting  Elder  Brethren,  and  an  nnlimited  nnmbor  of 
Toonger  &ethren.  The  Master  and  honorary  Elder  Brethrai 
are  always  elected  on  the  ground  of  eminent  social  pontioB. 
The  Deputy  Master  and  acting  Elder  Brethren  are  elected  lij 
the  Coort  of  the  Elder  Brethren  friMn  soch  of  the  Toonger 
Brethren  as  are  possessed  of  the  necessary  qoalificationa,  and 
have  obtained  the  rank  of  commander  in  the  Navy  foor  years 
previously,  or  have  served  as  master  in  the  merdiant  service  od 
foreign  voyages  for  a  period  of  not  less  than  four  years.  The 
head-quarters  of  the  Trinity  House  are  in  London,  with  brandi 
establishments  at  Ramsgate,  Harwich,  Yarmouth,  Cowes,  Milford, 
and  Holyhead. 

In  addition  to  the  care  of  the  lighthouses,  sea-marks,  and 
buoys  in  the  Thames  and  on  the  coast  from  Berwick  to  Carlisle, 
the  Trinity  House  has  the  duty  of  examining  candidates  for  and 
licensing  the  Thames  and  Channel  pilots. 

The  lighting  and  buoying  of  the  Scotch  coast  and  of  the 
Isle  of  Man  is  under  the  direction  of  the  Commissioners  of 
Northern  Lighthouses ;  and  of  the  Irish  coasts,  of  the  Dublin 
Corporation.  The  lighthouses  of  both  these  trusts  are  under 
the  supervision  of  the  Trinity  House,  and  the  sanction  of  this 
Corporation  has  to  be  received  before  the  erection  of  any  new 
lights.  ITie  Board  of  Trade  has  a  general  control  over  the  three 
boards,  and  before  any  exceptional  expenditure  can  be  incurred, 
the  sanction  of  this  Board  has  to  be  obtained.  The  Trinity 
Hou>>e  and  the  other  lighthouse  authorities  have  also  a  con- 
trolling direction  over  the  lighting  and  buoying  of  all  local 
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tnthoritiee,  and  it  is  their  duty  from  time  to  time  to  inspect  all 
local  lights,  buoys,  and  beacous  within  their  jurisdiction,  and 
report  to  the  Board  of  Trade  the  result  of  such  inspection,  which 
reports  are  to  be  laid  before  Parliament.  Before  the  erection  by 
any  local  harbour  authority  of  any  new,  or  the  alteration  of  exist- 
ing lights,  buoys,  and  beacons,  the  sanction  of  the  Trinity  House 
in  England,  the  Commissioners  of  Northern  Lights  in  Scotland, 
or  the  Corporation  of  Dublin  in  Ireland,  must  first  be  obtained. 

The  annual  cost  of  maintaining  the  lighthouses,  light- 
vessels,  and  buoys,  including  office  expenses  and  superannuation 
allowances,  is  over  £200,000  for  England,  £70,000  for  Ireland, 
and  £oO,000  for  the  northern  district;  in  addition  to  which  is 
a  large  annual  expenditure  on  new  works.  The  light  dues 
amount  to  over  £.500,000  a  year. 

The  method  of  lighting  and  buoying  estuaiies  and  tidal 
channels  is  not  subject  to  any  statutable  regulations,  conse- 
quently a  considerable  diversity  of  practice  prevails  amongst 
the  local  authorities  having  charge  of  these.  To  vessels  in 
chaise  of  local  pilots  this  is  not  of  consequence,  but  it  is  obvious 
that  if  one  universal  system  were  in  use  it  would  be  of  great 
advantage  to  ships  failing  to  obtain  pilots,  and  to  smaller  craft 
using  the  navigation  without  their  aid. 

To  obtain  as  far  as  possible  unifonnity,  a  conference  was 
held  by  representatives  of  the  Board  of  Trade,  the  Trinity 
House,  and  the  Admiralty,  and  the  following  code  of  regulations 
agreed  to  for  adoption  in  all  cases  where  the  buoys  come  under 
their  direct  management  and  control,  and  was  recommended  for 
adoption  by  all  local  authorities.  In  framing  these  regulations 
the  shape  of  the  buoys  was  more  relied  on  than  the  colour  as 
distinguishing  the  difl'erent  parts  of  the  channel.  It  is  un- 
fortunate, as  liable  to  lead  to  confusion,  that  in  determining  the 
right  and  left  band  side  of  the  channel,  the  well-known  rule 
that  the  right  bank  of  the  river  is  that  to  the  right  hand  when 
going  down  the  stream  from  the  source  to  the  mouth  should 
have  been  departed  from,  and  the  right-hand  side  settled  as  that 
OB  the  right  hand  when  going  up  the  chaimel. 

Regulations  koh  Buoying  Channels. 
The  term  "  starboard  hand  "  shall  denote  the  side  which  would 
be  on  the  right  hand  of  the  mariner  either  going  with  the  main 
stream  of  flood  or  entering  a  harbour,  river,  or  estuaiy  from  sea- 
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ward ;  the  term  "  port  hand  "  shall  denote  the  left  hand  of  tha 
mariner  under  the  same  circumstances. 

Buoys  showing  the  pointed  top  of  a  cone  above  water  thiS 
be  called  conical,  and  shall  always  be  starboard-hand  buo}i,il 
above  detined. 

Buoys  showing  a  Hat  top  above  water  shall  be  caOed  cu^ 
and  shall  always  be  port-hand  buoys,  as  above  defined. 

Buoys  showing  a  domed  top  above  water  shall  be  ealM 
spherical,  and  shall  mark  the  ends  of  middle  grounds. 

Buoys  having  a  tall  central  structure  on  a  broad  base  shiO 
be  called  pillar  buoys,  and,  like  other  special  buoys,  such  as  \i& 
buoys,  gas  buoys,  automatic  sounding  buoys,  etc,  shall  be  placed 
to  mark  special  positions  either  on  the  coast  or  in  the  apprua<^it 
to  harbours,  etc. 

Buoys  showing  only  a  mast  above  water  shall  be  called  ipir 
buoys. 

Starboard-hand  buoys  shall  always  be  painted  in  one  c 
only. 

Fort-hand  buoys  shall  always  be  painted  of  another  c 
racteristic  colour,  either  single  or  parti-colour. 

Spherical  buoys  at  the  ends  of  middle  grounds  shall  alwaji 
be  distinguished  by  horizontal  stripes  of  white  colour. 

Surmounting  beacons,  such   as  staff  and  globe,  etc,  s 
always  be  painted  of  one  dark  colour. 

Staff  and  globe  shall  only  be  used  on  starboard-band  buojw 
staff  and  cage  on  port-hand;  diamonds  at  the  outer  ends  tl 
middle  grounds,  and  triangles  at  the  inner  ends. 

Buoys  on  the  same  side  of  a  channel,  estuary,  or  tid&-waf 
may  be  distinguished  from  each  other  by  names,  numbers,  a 
letters,  and,  where  necessary,  by  a  staff  surmounted  with  111 
appropriate  beacon. 

Buoys  intended  for  moorings,  etc.,  may  be  of  shape  or  colour 
according  to  the  discretion  of  the  authority  within  whose  jnri*- 
diction  they  are  laid,  but  for  marking  submarine  telegraph  cabl« 
the  colour  shall  be  gi-een,  with  the  word  "teleRraph"  painttd 
thereon  in  white  letters. 

Wreck  buoys  in  the  open  sea,  or  in  the  approaches  to  a 
harbour  or  estuary,  shall  be  coloured  green,  with  the  word 
"  Wreck  "  painted  in  white  lettei's  on  them. 

When  possible,  the  buoy  shall  be  laid  near  to  the  side  of  tl 
wreck  next  to  mid-chanucL 
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When  a  wreck-markiug  vessel  is  used,  she  shall,  if  possible, 

ive  her  top  sides  coloured  green,  with  the  word  "Wreck  "  in 

hite  letters  thereon,  and  shall  exhibit — 

By  day :  Three  balls  on  a  j^ard  20  feet  above  the  sea,  two 

placed  vertically  at  one  end  and  one  at  the  other,  the 

single  ball  being  on  one  sido  nearest  to  the  wi'eck. 

By  night :  Three  white  fixed  lights  similarly  arranged,  but 

not  riding  light. 
In   narrow  waters,  or  in   rivers,  harbours,  etc.,  under   the 
Tisdictton  of  local  authorities,  the  same  rules  may  be  adopted, 
at  discretion,  varied  as  follows : — 

When  a  wreck-marking  vessel  is  used,  she  shall  carry  a  cross- 
yard  on  a  mast  with  two  balls  by  day  placed   hori- 
zontally not  less  than  6  feet,  nor  more  than   12  feet, 
apart,  and  two  lights  by  night  similarly  placed.     When 
a  barge  or  open  boat  only  is  used,  a  flag  or  ball  may  be 
shown  in  the  daytime. 
The  position  in  which   the  marking-vessel   is  placed  with 
ference  to  the  wreck  shall  be  at  the  discretion  of  the  local 
thority  having  jurisdiction. 

On  the  estaljlishment  of  electricity  as  a  practical  illuminant, 
t  USB  for  lighthouse  purposes  necessarily  engaged  the  attention 
'.  the  Trinity  House.  About  the  same  time  a  considerable 
mtroversy  arose  as  to  the  respective  merits  of  oil  and  gas  as 
minants.  The  brilliant  lights  produced  by  a  gas-burner  in- 
ited  by  Mr.  Wigham,  and  used  on  some  parts  of  tho  Irish 
oast,  obtained  a  very  strong  feeling  in  thcii-  favour  by  ship- 
'ners.  The  improvement  in  the  use  of  oil  by  the  burners 
produced  by  Sir  James  Douglas,  combined  with  the  economy 
f  its  use,  gave  this  illuminant  great  advantages  over  either  of 
le  others. 

The  whole  matter  was  referred  by  the  Trinity  House  to  a 
tmmittee,  and  elaborate  experiments  were  undertaken  at  the 
)uth  Forelanil,  at  a  cost  of  £9000,  lor  the  purpose  of  investi- 
idng  the  relative  merits  of  oil,  gas,  and  electricity  as  illuminants. 
flre  than  6000  observations  were  taken,  and  the  conclusion 
ved  at  was  (1)  that  the  electric  light  was  the  most  powerful 
tider  all  conditions;  (2)  that  the  quadriform  gas  apparatus  and 
le  triform  oil  apparatus  were  about  the  same  power  when  seen 
rough  revolving  lenses,  the  gas  being  a  little  better  than  tha 
I ;  (3)  that  through  fixed  lenses  the  superiority  of  tho  gas-light 


L 


iSs  TWAL  RIVERS. 

was  qpqiicatianaMa— Uie  kige  ■»  off  tlidr  f  ■ir  —d  tihwr—g- 
11600  togetiier  gave  the  beem  a  nan  ceipacit  appeaiaaee;  (4) 
thai  the  Douglas  gae-bvinMr  waa  nan  eCcient  than  Hie  Wlj^boa 
barner;  (5)  thai  for  the  otdinaij  mmwiiiiui   off  Ughthw 
iUmniiiatioii  mineral  oil  waa  the  inosi  tiiitaMe  aaed 
illamiDant ;  (6)  thai  for  salient  heainands  and  plaesa  «hm  i 
very  powerfhl  light  waa  req[aired,  eleetricifey'  ofleied  tlie 
advantages.    Sabseqoently  a  farther  sdentifie  eTaniinstinn  of  tie 
matter  was  made,  based  on  the  experiments  already  canied  M 
bySirGeoige  Stokes,  Sir  William  Thompson,  and  Loid 
Their  report,  while  more  fiivoarable  to  gas^  implied  thsi 
was  oatweighed  by  the  greater  simplicity  and  economy  of 
that  the  electric  Ii{^t  far  exceeded  the  otheia  in  the  amoank 
light  it  gave  oni  even  in  fog  and  haaei    For  prominent 
where  the  light  is  used  to  guide  the  maiineis  from  a 
distance,  the  electric  light  is  now  admitted  to  be  nnqn 
the  best    For  fixed  lights  not  requiring  the  same  ftr-i 
brilliancy,  oil,  from  the  simplicity,  or  rather  absenee^  of 
machinery  required  for  its  application,  still  holds  its  own; 
in  situations  which  are  appropriate  to  the  eonstmeiion  of 
making  apparatus,  gas  has  advantages,  especially  where  a 
intermittent  light  is  required,  by  the  facility  with  which  ihl 
gas-flame  can  be  suddenly  turned  on  and  off. 

The  navigable  portions  of  tidal  channels  are  marked  out  1)J 
buoys  or  beacons  for  day  service,  and  by  lights  during  the  diiL 
These  buoys  and  beacons  are  placed  along  the  line  of  deep  watar 
or  on  prominent  shoals  and  turns  in  the  channels.  No  rule  oift 
he  laid  down  for  the  distance  apart  at  which  buoys  should  te 
])laced.  This  varies  from  a  mile  and  a  half  in  a  wide  estoaiyi 
where  the  larger  class  of  buoys  are  used,  to  a  tenth  of  tbii 
(listanee  in  narrow  river  channels,  passing  through  saiulf 
estuaries.  For  trained  channels  beacons  are  generally  fixed  oft 
the  training  walls. 

Buoys  are  known  under  the  name  of  cone,  can,  nun,  spherioA 
or  ])illar,  according  to  their  shape.    The  cone  buoy  fioats  wilk 
the  broad  part  in  the  water,  having  the  cone  above  the  sui&tt 
The  can  buoy,  on  the  other  hand,  shows  a  fiat  top  above  tliiB  I 
water.     The  nun  buoy  is  pointed  at  both  ends,  having  tte 
widest  part  in  the  centre,  about  the  line  of  fiotation;  it  is  li^ 
id  simple  in  construction,  easily  laid,  therefore  useful  in  shoil 
kter  where  the  buoys  have  frequently  to  be  removed    Hie 
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iherical  buoy,  as  its  name  denotes,  shows  a  spliere  above  the 
ater.  The  pillar  buoy  is  the  shape  of  a  can,  having  a  pillar 
Bing  above  the  flat  top.  The  method  of  making  these  different 
lapes  uaeful  as  sea-marks  has  already  been  described  in  the 
igulations  for  buoying.  Formerly  buoys  were  made  of  wood,  but 
I  in  the  case  of  ships,  wood  has  been  superseded  by  iron,  and  now 
leel  is  almost  universally  used  in  the  construction  of  new  buoys. 

The  object  to  be  kept  in  view  in  designing  the  shajje  of  a 
Boy  is  that  it  shall  float  upright,  not  only  when  the  water  is 
ill,  but  when  subject  to  waves  and  tidal  currents,  and  show 
I  large  a  portion  of  the  superstructure  as  possible  above  the 
«ter.  Long  narrow  buoys  coming  to  a  point,  and  having  the 
lOoriDgs  attached  to  this,  even  if  riding  upright  in  still  water, 
[most  invariably  lie  over  when  the  tidal  current  is  running, 
ad  roll  considerably  in  rough  water,  making  them  bad  sea- 
Mrks.  By  making  the  bottom  flat  and  hollow,  and  so  raising 
iie  point  of  attachment  of  the  moorings,  less  strain  is  thrown 
a  the  mooring  in  rough  weather.  If  the  point  of  attachment 
I  raised  about  half  the  depth  of  the  floatation,  the  surface 
Cposed  to  lateral  pressure  above  and  below  is  equalized.  The 
Boy,  therefore,  when  carried  over  by  the  current,  has  a  tendency 
nmediately  to  right  itself,  and  if  properly  designed  rides  upright 
nder  all  conditions. 

The  larger  class  of  buoys  exposed  to  rough  seas  are  divided 
ito  two  watertight  compartments  by  a  diaphragm  plate,  which 
bninishes  the  liability  to  sink  when  injured.  They  may  also 
B  made  more  secure  by  having  strengthening  plates  at  the 
later-line,  where  the  buoy  is  most  subject  to  damage  from 
BiDg  run  into.  The  following  may  be  taken  as  the  strength 
f  the  plates  in  general  use  by  the  Trinity  House.  The  steel 
>eGi6ed  is  to  have  an  ultimate  tensile  strength  of  30  tons  to 
le  inch,  and  a  mean  contraction  of  not  less  than  50  per  cent, 
b  the  point  of  fracture.  For  the  larger  buoys,  spherical  or 
snical,  12  feet  and  10  feet  in  diameter,  the  plates  are  specified 
)  be  of  the  following  thickness :  spherical  portion  and  bulkhead, 
^  inch ;  waist,  ]-^g  inch ;  bilge,  J  inch ;  sides  of  the  concave 
ottom,  i  inch ;  crown  of  Ijottom,  \  inch.  For  the  small  buoys 
inging  from  S  feet  to  5  feet,  the  thickness  is  the  same  except 
be  sides  and  concave  bottom,  which  are  f  inch,  and  crown  of 
ittom  I  inch.     The  plates  are  single  riveted,  the  rivets  having 
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Ae  hoajm  an  toted  with  water  to  a  pressore  of  bcm  5  Q 
to  7  Iba.  {wr  sqaare  indi.  Bnojrs  in  sbeltered  ertnriM  m 
tidfti  riversBsy  be  mftde  of  %liter  plates  than  tboneinml 
the  Tiinity  HcMue.  Booys  are  provided  with  a  tnaohol*  b  A 
upper  patt  for  the  parpoee  of  liTeting  in  the  Bret  instaitc^ii 
fijr  aay  sabaeqaent  repairs.  For  t&r;ge  buoys  the  cover  ihodl 
be  \  inch  thick,  with  inside  strengtbetung  ring  2|  indi  \ij 
I  inch,  the  door  being  held  in  position  by  ^-inch  set  a 
■paced  3  inches  ^>art  The  jomt  is  tnade  with  volcamzod  iad 
robber  waaber  2J  inch  by  \  inch.  The  mooring  ring,  Un 
4-incfa  eye,  is  made  from  Low  Uoor  iron  not  less  than  3  inch 
diameter  for  the  laiger  baoys  and  1^  inch  for  the  snuUer.u 
is  riveted  to  three  cross-bant  or  a  strengthening  plate  9  B 
in  diameter  by  ^  inch  thick,  fixed  to  the  bottom  plate  ol  A 
haaj  by  f-inch  rivets ;  where  there  is  a  diaphragm  the  duftl 
Has  ring  is  stayed  to  the  plate.  The  cap  at  the  top  is  m  ' 
of  |-incb  plate,  to  which  is  attached  a  lifting  ring  \\  ind 
diameter.  A  brass  ferrule  is  tapped  into  one  of  the  plateifll 
with  screw  plug,  for  the  purpose  of  attaching  fittings  itn  tMl 
the  buoy.  Ailer  the  buoy  is  completed  and  tested  it  shonUl 
gently  and  uniformly  heated,  and  while  warm  coated  estetuD) 
and  internally  with  linseed  oil,  and  afterwards,  when  dry,  ptinb 
outside  yvith  oxide  of  iron  paint. 

The  weight  of  a  steel  buoy  of  the  Trinity  House  ptttcq 
with  diaphragm  and  stiengthening  plate  at  the  water-lin«,  U 
feet  high  and  7  feet  9  inches  in  diameter,  is  about  35  cwt,nl 
of  a  buoy  8  feet  high  22  cwt.  The  price  at  which  theycuh 
made  may  be  taken  at  £1  15».  per  cwt,  when  ateel  plaUsil 
worth  jES  108.,  making  the  cost  of  a  10-feet  buoy  £61,  ud  I 
8-feet  buoy  £38  lOs.  For  small  buoys,  the  material,  bearingl 
less  proportion  to  the  workmanship,  the  price  will  be  g 

The  cone  buoy  shown  in  Fig.  3G  is  of  lighter  conatroctiit 
and  has  no  dividing  plate  inside.  The  weight  of  Uiie  boq 
10  feet  high  and  7  feet  3  inches  diameter,  with  side  plat«s  j  in 
thick,  bottom  plates  3  inch,  and  upper  -^^  inch,  is  17J  cwt,i 
of  8-feet  buoy  is  13J  cwt. 

The  can  buoy.  Fig.  37,  with  crown  plate  ^  inch,  side  pliW 
i*'([  inch,  and  Ijottom  plate  \  inch,  weighs  if  6  feet  high  5J  i 
and  if  4  feet  2^  cwt. 

The  can  buoy,  Fig.  38,  7  feet  3  inches  high  and  6  feet  w 
diameter,  made  to  match  the  cone  buoy.  Fig.  30,  weighs  \i\  n 
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The  spider-legged  buoy,  illustrated  in  Fig.  30,  shows  very 
[tfonmently  above  the  water,  and  is  adapted  to  mark  the 
Btnnce  to  an  estuary  on  the  starboard  side.     When,  however, 


is  much  sea,  this  form  of  buoy  is  difficult  to  lay  owing 
the  eacumbranco  of  the  legs.  A  ateel  buoy  of  this  form  10 
liigh  only  draws  9  inches  of  water,  thus  leaving  nearly  the 
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rlole  of  the  structure  above  the  water,  and  the  buoy  always 
maintains  a  vertical  position.  The  buoy  shown  in  Fig.  39  has 
ilates  of  the  following  thickness :   the  side   plates  are  \  inch  ; 
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i  ae&i  le^  3  niduk  (fi«wur:  Miiiirafc  »i"fc.  -Madb  ere  aj 
2^  uetM* 'fiaaKCtf :  «c  qf  (op  no;  3  iD^MB  It  li  iacfc  diicMK 
Tlw  v*£^)ic  ol  t^  bniiy,  4  fea  Uei^  ^mI  3  Seek  6  iadwB  liiistttr, 
M  ^  ewe  I  1^.  13  I!mu  -.  umA  iit  tbe  baap  wmd.  kpi,  3  c-rt.  J  f. 

iifita»ir-Aafei  bacij3  «k  Bade  far  Httrkiag  the  aktruce  k 
;  t4  these  »a  erample  •)<  *  ptQsr  baiqr  b  gmn  in  Fig. 


40,     The  spherical  buoy  used  by  the  Trinity  House  is  shown 
in  Fig.  41. 

For  marking  any  dangei'oas  shoals  or  the  junction  of  channel 
Ixill  buoys  are  frequently  used,  the  noise  from  these  being  hoid 
in  foggy  weather  when  the  buoy  is  invisible.  The  bell  ii 
attached  to  the  top  of  a  spherical  buoy,  four  clappers  being  n 
hung  to  a  frame  that  with  the  slightest  roll  of  the  buoy  oaeot 
theiri  is  certain  to  hit  the  bell.  The  illustration  in  Fig.  4S  is 
from  a  doMign  of  buoy  10  feet  in  diameter,  used  by  the  IMnitj 
House.  The  upper  frame  is  made  of  wrought-iron  tube*  ♦ 
inches  diameter  by  ^  inch  thick ;  a  7-iiich  plate  is  secured  to 
t!ach  leg  and  provided  with  indiarubber  buSer  for  the  clapptt 
to  strike  against.      The  clappers  are  of  wrougfat-iroD,  the  bd 
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ighing  14  Iba.,  turned  and  forged  to  the  end  of  a  rod  1 J  inch 

meter.      The  forked  ends  of  the  clappeiu  are  forged  with 

id  steel  eyas.     The  clapper 

i  two  points  of  suspension, 

d   therefore    acts    without 

ides.    A  f  iiU-aized  bell  buoy 

oghs  about   05   cwt.,    and 

ste   £150.     It    requires   an 

cb  chain  and  24-cwt.  sinker 

hold  it  in  place,  if  there  is 
uch  run  of  tide. 

BuoyB  require  cleaning  and 
Jnting  at  least  once  a  year, 
id  in  some  situations  more  . 
Bquently.  Tar  withstands 
«  corrosive  action  of  the  salt 
ater  better  than  paint,  and 
ijamay  be  used  for  the  black 
loys,  and  for  the  bottom  of 
le  painted  buoys  up  to  the 
kter-line.  For  those  marked 
1  colours,  the  special  paints 
ade  by  the  Silicate  Paint  Company  or  the  Torbay  Paint 
ompany  resist  the  action  of  the  salt  water  better  than  the 
■dinary  paint  having  lead  for  a  basis,  These  buoys  should  be 
ilvanized. 

The  paint  on  iron  buoys  is  apt  very  soon  to  become  dirty, 
ipecially  where  white  is  used,  from  the  rust  To  prevent  this, 
wash  of  Portland  cement  applied  to  the  buoy  after  the  rust 
ks  been  scraped  off  will  be  found  not  only  a  preservative  to 
a  plates,  but  assist  in  keeping  the  paint  clean.  On  a  tarred 
loy  a  dusting  of  cement  while  the  first  coat  of  tar  is  wet  will 

found  also  to  harden  the  surface  and  prevent  rusting. 

Buoys  are  moored  by  chains  held  in  place  either  by  sinkers 

mushroom  anctfors.  Tlie  length  of  chain  allowed  may  be 
ten  generally  as  from  two  to  three  times  the  depth  of  the 
iter  at  high  water  in  which  the  buoy  is  moored.     With  plenty 

chain  the  buoy  is  less  subject  to  sudden  jerks  in  rough 
atber.  If  the  chain  is  too  short,  not  only  is  a  greater  strain 
•own  on  tlie  buoy,  but  it  is  apt  to  drag  its  moorings  and 
»  displaced.     The  10-feet  buoys  require,  in  exposed  situa- 
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tions,  a  1-incb  chain,  the  links  of  which  are  6  inches  x  3^  indiei^ 
proved  to  a  strain  of  12  tons.  For  the  next-sized  buoys  ^indi 
chains  may  be  used,  having  links  5^  inches  X  315  inches,  proved 
to  a  strain  of  7  tons.  For  the  second-class  buoys,  6  feet  to  8  feet 
high,  f-inch  chain  is  sufficient,  with  links  3*75  inches  X  216 
inches,  proved  to  a  strain  of  4}  tons ;  and  for  small  4-feet  baqy% 
^-inch  chain  with  3  inches  X  1 '8-inch  links,  proved  to  a  sfaraiB 
of  3  tons.  Where  the  buoy  and  chain  lies  dry  at  low  water, 
6  fathoms  of  chain  is  sufficient.  The  weight  of  the  1-inch  chain 
is  54  lbs.  per  fathom;  of  the  |-inch,  40  lbs.;  -^-inch,  21  lbs.;  and 
^inch,  14  lbs. 

Chains  are  made  of  three  qualities,  known  respectively  ib 
BBB,  BB,  and  R  The  first  is  used  for  all  the  best  class  of 
shipping,  and  by  the  Trinity  House  for  their  buoys  and  light- 
ships. For  buoys  in  rivers  and  estuaries  the  BB  quality  is 
sufficiently  good,  and  costs  10  to  20  per  cent  less  than  the  besi 
qualit3^  The  strains  given  above  are  for  the  second  quality. 
The  price  of  chain  varies  with  that  of  iron,  but  it  may  be  taka 
at  from  158.  to  208.  per  cwt,  according  to  the  size,  for 
the  BB  quality. 

The  chains  are  furnished  at  the  end  next  the  buoy 
with  swivels,  to  allow  of  the  free  play  of  the  buoy 
without  twisting  the  chain,  the  swivels  being  coupled 
to  the  ring  of  the  buoy  by  shackles;  similar  shackles 
are  also  used  for  attaching  the  chains  to  the  rings  of 
the  sinkers.  An  example  of  a  swivel  is  shown  in 
Fig.  43.  The  metal  is  \  inch  to  \  inch  thicker  than 
the  chains  to  which  they  are  attached.  The  weight 
of  shackles  for  1-inch  and  J-inch  chain  is  28  lbs.,  and 
for  ^-inch  and  |-inch  13  lbs.,  and  for  J-inch  chain 
9  lbs.  Buoy  shackles  are  made  with  the  eye  swollen 
out,  as  shown  by  the  top  shackle  in  Fig.  43;  this 
allows  the  buoy  freer  movement,  and  causes  less  wear. 
In  this  example,  the  bolt  of  the  shackle  is  retained  in 
its  place  where  it  passes  through  the  shank  by  an 
oak  pin.  Smaller  shackles  are  made  with  screw  pin& 
For  10-feet  buoys  moored  with  1-inch  or  |-inch  chain, 
a  shackle  1^  inch  thick,  10  inches  long,  4  inches  wide 
inside  at  the  top,  and  3^  inches  at  the  bolt,  which  is 
liineh  by  IJ  inch,  weighs  11  lbs.  For  the  second-sized  buoys 
moored   with  |-inch  or  |-inch  chain,  a   shackle  1  inch  thid, 


^-^ 


Fig.  43. 
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long,  aj  inches  and  3  inches  wide,  with  bolt  If  inch 
loh,  weighs  7  ibs. 
For  coupling  the  chains,  screw  shackles  with  stmight  aides 
(Fig.  44)  weigh  for  1  inch  thick  3  lbs.,  and  for  \  inch  thick  2  lbs. 
For  small  buoys  using  J-inch  chain,  shackles  J  inch  thick,  7  inches 
long,  3  inches  and  2i  inches  wide,  with  J-inch  screw  bolt,  weigh 
4  lbs.  The  swivels  weigh  respectively,  for  first  size,  Ig  inch 
ttiick,  28  Ibs. ;  second  size,  13  lbs. ;  small  size,  9  lbs.  The  Trinity 
House  buoys  are  held  in  [)osition  by  cast-iron  sinkers  (Fig.  45). 


\ 


(P) 


These  weigh  from  14  to  16  cwt.  for  the  S-feet  and  10-feet  buoys. 
The  mushroom  anchor,  shown  in  Fig,  46,  is  a  very  efiective 
mooring,  and  rarely  drags.  The  muBbroom  part  is  of  ca.st  iron, 
and  the  shank  of  wrought  iron.  The  large  size,  2  feet  in 
diameter,  with  2J-inch  shank,  3  feet  6  inches  long,  and  3|^ 
inch  eyebolt,  metal  in  thickest  part  IJ  inch,  weighs  13  cwt.; 
the  second  size,  1  foot  6  inches  in  diameter,  with  2-inch  shank, 
weighs  1 J  cwt, ;  and  the  third  size,  14  inches,  with  l|-inch  shank, 
weighs  ^  cwt.  A  buoy  when  properly  moored  seldom  breaks 
adrifL  The  greatest  danger  arises  from  ice,  when  large  drifts 
are  sent  out  of  the  rivers  at  the  breaking  up  of  a  long  and  hard 
frosL 

For  lighting  the  channel  leading  to  New  York  harbour, 
between  Sandy  Hook  and  Coney  Island,  a  system  of  electric 
buoys  has  been  adopted.  The  buoys,  made  of  wood  50  feet  long 
and  15  inches  diameter,  are  shackled  to  a  cast-iron  sinker  weigh- 
ing 2  tons.  A  cable  from  the  shore  is  led  up  to  an  electric  light 
on  the  top  of  each  of  the  buoys,  the  power  being  supplied  from 

I  station  at  Sandy  Hook. 

Mooring  Biwys.—^ln  Fig.  47  is  given  an  illustration  of  a 
;ht-iron  floating  mooring  buoy  for  iixing  in  a  tidal  channel 
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The  plates  are  |  inch  thick,  single  riyeted,  with  l^incfa  over« 
lap,  the  iiTets  having  2^inch  pitch.  The  man-hole  is  fastened 
to  the  plate  with  |*inch  bolts,  bedded  on  with  red  lead  The 
spindle  or  centre  bar  is  3  inches  diameter,  passing  through  tbe 


Fig.  47. 


buoy  in  a  tube,  so  that  the  buoy  can  revolve  round  the  spindle. 
There  are  two  3-inch  wrought-iron  mooring  rings  1  foot  3  inches 
diameter.  The  chain  has  2i-inch  stud  link.  This  buoy  weighs 
3  tons. 

The  mooring  to  which  the  buoy  is  attached  consists  of  cast- 
iron  screw  having  flanges  4  feet  in  diameter,  9-inch  pitch,  with 
shaft  5  inches  in  diameter,  and  3-inch  wrought-iron  shackle, 
with  4-inch  bolt.  The  weight  is  about  21^  cwt.  The  screw 
is  screwed  into  the  bed  of  the  channel  from  8  feet  to  10  feet 
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where  the  soil  is  fairly  good  holding  ground.  In  soft  and 
ig  soil  it  may  be  necessary  to  go  down  15  feet  to  20  feet. 
crews  are  screwed  down  with  the  mooring-chain  attached 
■xas  of  a  wrought-iron  shaft,  having  a  socket  at  the  bottom 
;  OQ  to  the  square  head  of  the  screw,  and  keyed  at  the  top 
[ipstan,  fixed  upon  a  platform,  laid  upon  two  barges  placed 
y  aide.  The  shaft  is  made  in  lengths  of  10  feet,  counected 
y  joints. 

gluing. — There  are  three  systems  in  use  for  intensifying 
jhta  of  the  lamps  used  in  floating  or  fixed  beacons.     By 

itoptric  system   the   light  is  re-    _ 

1  by  a  silvered  copper  parabolic    — — — - — 4C]>-... 
x)r,  by  means  of  which  the  beams  J^^-^^Si:: 

ht  are  brought  into  parallel  rays  _jL— -^^"S^^ 

n  the  direction  desired.     By  the    1 -3-^..^ 

■ic  system  the  diverging  rays  of  nTw 

are  bent  in  the  direction  required 

"raction,  the  fiame  being  placed  in  the  focus  of  a  glass  lens. 
Mus  of  which  the  diverging  rays  are  bent  parallel  to  each 
so  as  to  form  one  solid  beam  of  light,  as  shown  in  the 
Lm  (Fig.  48).  The  third,  or  catadioptric,  consists  of  a 
nation  of  the  other  two, 

ghts  are  claasitied  by  orders,  depending  on  the  height  and 
ter  of  the  apparatus.  The  first  three  orders  are  used  for 
r  coast  lights.  The  fourth  order  is  the  largest  used  for 
ur  lights,  and  has  an  internal  radius  or  focal  distance  of 
oches,  making  the  diameter  of  the  apparatus  19'08  inches, 
)ight  of  glass  being  29'1 1  inches  (the  original  figures  are 
;);  the  fifth  order  has  a  diameter  of  14*76  inches,  and  a 
t  of  2r83  inches ;  the  sixth  a  diameter  of  11'87  inches,  and 
ht  of  17"4i6  inches.  For  smaller  lights  than  these,  the  glass 
e  lens  is  made  in  one  piece.  For  harbour  tights,  where  it 
necessary  to  show  the  light  all  round  the  horizon,  a  dioptric 
OTcring  only  the  part  which  is  required  to  be  lighted  is 
having  a  parabolic  plated  reflector  at  the  back ;  this 
^ment  gives  a  greater  vertical  divergence  to  the  rays,  which 
^a  the  lights  t^>  be  kept  in  sight  when  approaching  near  to 
a  necessity  where  the  lights  are  used  as  leading  lights, 
ir  the  fourth  order  a  two-wicked  burner  ,^^  inch  diameter 
1,  and  for  the  other  orders  a  single  wick,  which  consumes 
^«e-quarter3  of  a  pint  of  oil  per  night. 
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A  red  tin^  is  given,  vheo  necensary  to  avoid  confu8i<aL  lijr 
the  nfle  of  a  coloared  chimney  to  the  lamp,  or  by  allowing  tig 
light  to  pads  through  a  .'iheet  of  coloured  gloss.  A  red  ligbta 
only  be  seen  at  about  half  the  distance  of  a  white  light,  the  pro- 
portion, foand  by  practical  experiment  by  Professor  TyndaH^ 
being  as  21  is  to  9.  Green  colour  absorbs  even  a  larger  propor- 
tion of  the  light,  and  lanterns  showing  this  colour  are  ootf 
saitable  &a  distinguishing  marks  oq  pier-heads,  bridgH,  a 
similar  sitoations. 

From  tests  as  to  the  visibility  of  white,  red,  and  gr 
made  at  the  Long  Beach  light-station,  near  New  Toric,  by  tl 
United  States  Lighthouse  Board,  to  determine  the  respectii 
values  of  these  colours  for  ship's  lights,  it  was  found  thai  on  a 
clear  night,  at  a  distance  of  one  mile,  the  white  light  with  am 
candle-power  was  clearly  visible ;  the  red  light  was  barely  visiUc 
with  220  candle-power;  and  the  green  light  with  210  was  vay 
faint.  At  two  miles  the  red  light  was  barely  visible  wi^  37i 
candle-power,  and  the  green  could  otdy  l>e  seen  indistinetly 
witli  10~50 ;  and  it  required  a  can'lle-power  of  29  to  make  the  nd 
and  green  lights  visible  at  this  distance,  while  'A  was  sufSeii 
for  the  white  light.  At  four  miles  the  red  with  34,  the  gif 
with  42,  and  the  white  with  10,  were  invisible  to  the  naked  e 
At  live  miles  the  white  with  2!:l  was  faintly  visible,  and  witli  31 
clearly  visible.  On  a  cloudy  night  at  one  mile,  the  red  U^ta 
X'45  candle-power  was  indistinctly  visible,  while  the  green  li 
required  210  candle-power  to  become  faintly  visible,  and 
white  light  required  only  1*04  candle-power  to  be  seen  aa 
factorily.  At  two  miles  the  red  light  was  barely  discemiUsI 
5'75,  and  the  green  light  indistinctly  visible  at  10".50,  and  4 
was  the  least  power  for  a  clear  colour.  The  red  light  i 
distinct  at  two  miles  at  a  candle-power  of  23'()0 ;  the  white  li 
at  three  miles  distinct  at  3'20,  at  four  miles  with  aGO,  and S 
miles  17'50-  As  a  result  of  the  trials,  it  was  recommended  ti 
a  white  light  of  one  candle-power  could  be  used  for  one  tt 
distances ;  2  candle-power  for  two  miles ;  30  candle-power  fi 
five  miles.  For  the  red  and  green  light,  4  candle-power  ahcnU 
be  used  for  one  mile,  40  for  two  miles. 

The  height  a  light  should  be  placed  above  the  level  of  th| 
sea  to  be  seen  at  a  given  number  of  miles,  may  be  found  hf  ll 
following  formula : — 


^— —  =  height  in  feet. 

'hus  if  the  distance  required  be  10  milea — 
10^X4 

—  =  oy  H  feet. 

Beacon  lights  on  the  coast  were  fonuerly  supplied  by  the 
burning  of  wood  and  coal  in  iron  grates.  At  the  present  time, 
ji],  gas,  and  the  electric  light  supply  the  light.  The  fii-st  floating 
tight  was  supplied  with  candles  in  a  glass  lantern  suspended 
from  the  yards  of  a  vessel  moored  in  the  Nore  in  1732.  The 
candles  were  subsequently  superseded  by  lamps  burning  tish  oil, 
the  lanterns  being  hung  from  the  yards.  Mr.  Robert  Stevenson, 
tt  the  beginning  of  the  present  century,  adopted  the  plan  now 
generally  in  use,  of  a  lantern  surrounding  the  mast,  which  can 
be  raised  or  lowered  for  cleaning  and  trimming.  This  was 
further  improved  by  the  use  of  the  catoptric  system,  and  by 
lianging  each  lantern  and  reflector  on  gimbals.  The  flat  wick 
burner  gave  way  to  the  Aigand,  which  has  been  further  im- 
proved. The  burner  invented  by  Sir  James  Douglas  consists 
af  three  or  more  concentric  wicks,  increasing  the  intensity  of  the 
light  from  500  to  5000  candle-power.  The  lights  on  the  new 
Bddystone  Lighthouse  are  equal  to  160,000  candle-power. 

Sperm  oil,  which  wa.t  formerly  used,  was  superseded  by  colza 
oil,  and  this  has  given  place  to  mineral  oil.  Colza  oil  is  eon- 
udered  more  safe  than  mineral  oil,  but  it  is  double  the  price,  and 
requires  greater  heat  to  produce  the  vapour,  and  is  more  difficult 
of  application,  as  it  must  be  forced  up  to  the  burning  point,  so 
that  it  may  just  flow  over  the  edge  of  the  burner,  a  necessity 
not  required  with  mineral  oil,  which  will  flow  up  the  wick  in 
■ufficient  quantity  by  capillary  action  alone,  except  in  the  lights 
of  high  power.  Mineral  oil  gives  a  more  brilliant  light  than 
vegetable,  and  does  not  congeal  except  at  a  very  low  tempera- 
ture. Lamps  using  the  best  kind  of  mineral  oil  will  bum  for  a 
very  long  time  without  the  wicks  being  cut  or  trimmed,  and,  in 
fact,  not  requiring  any  other  attention  than  the  lighting  and  put- 
ting out.  Lamps  constructed  on  the  Argand  principle  range  up 
to  2000  unassisted  candle-power.  The  more  powerful  lights  have 
us  many  as  ten  concentric  wicks,  the  oil  being  maintained  at  a 
constant  level  of  frem  two  to  three  inches  below  the  flame.  The 
structure  and  material  of  the  wick  and  the  adjusting  mechanism 
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18  BO  perfectly  sdapted  to  the  oil  tbat  these  Ughtfi  will  go  un 
l>nnuDg  for  five  hundred  hoars  wtthoat  trimming. 

The  lights  used  in  estuaries  and  tidal  rivers  consist  of  floating^ 
lights  for  marking  the  course  of  the  navigation ;  beacon  ligtilt 
Tor  marking  prominent  points;  and  leading  lights  for  mtrking 
the  entrance  to  rivers,  or  the  course  along  the  reaches  of  confiaai 
and  winding  channels.  The  vessels  used  for  floating  lights  1mii| 
in  sheltered  positions,  are  of  a  smaller  character  than  those  w  ~ 
for  sea  lights. 

The  "  Bar  Flat  Light,"  maintained  by  the  Corporation 
Lynn  at  the  upper  end  of  Lynn  Deeps,  to  denote  the  entnnee 
the  LjTin  and  Wisbech  channels,  may  be  taken  as  an  example 
an  estuary  light  maintained  by  a  local  autliority.  This  is  an  in 
vessel,  74  feet  long  by  19  feet  beam,and  drawing  8  feet  of 
and  has  ample  accommodation  for  the  crew.  The  light  is  providaj 
by  three  Argand  lamps  burning  in  a  lantern  surrounding  Um 
mast,  and  provided  with  dioptric  leases  protected  by  plate  gl 
The  light  is  visible  at  a  distance  of  eight  miles.  The  lamps 
hung  on  gimbals,  and  the  lanterns  can  be  lowered  for  cli 
and  trimming.  The  lamps  bum  crystal  oil,  which  costa 
£12  a  year,  A  gong  is  provided  for  signalling  in  foggy  wcathec 
The  ci'ew  consists  of  captain,  mate,  and  two  hands ;  the  captain, 
or  mate,  and  two  hands  being  always  on  board,  and  the  relii 
men  employed  at  the  buoy  yard  when  in  harbour.  The  cost  rf 
the  vcRsel  was  £2500,  and  of  the  light  £265.  The  annua!  cortol 
wages  and  maintenance  is  about  £560,  and  the  charge  for  interni 
and  repayment  of  loan  £140,  making  the  total  cost  £700  a 
year.  The  cost  of  maintenance  is  met  by  a  toll  of  a  halfpenny  per 
ton  register  on  all  vessels  passing  or  using  the  light,  which  tlW 
Corporation  are  authoiized  to  take  under  an  order  of  couneJL 

Lightships  in  English  waters  are  always  painted  red,  and 
carry  a  ball  at  the  masthead.  Small  lightships  are  moored  bjf  i 
bridle  having  l^-inch  chain  attached  to  a  mushroom  andor 
weighing  about  30  cwt. 

In  channels  leading  to  small  harbours  the  navigation  is  much 
facilitated  if  a  floating  light  can  be  provided  to  mark  the  wiy 
during  the  dark  tides  in  winter,  say  from  September  to  Uanlii 
For  such  positions,  if  well  sheltered,  a  small  boat  of  about  twen^ 
tons,  having  a  crew  of  one  man  and  a  boy,  is  sufficient  for 
purpose.  The  crew  can  be  relieved  once  a  fortnight  from  tli( 
men  employed  in  the  harbour.    A  floating  light  of  this  descripUoi 
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I  been  used  by  the  author  in  the  chaiiiiel  leading  from  Lynn 
>!1  to  Boston  Deeps,  enabling  the  continental  steamers  and 
am  fishing-trawlers  to  navigate  the  channel  and  reach  Boston 
ik  at  the  night  tides,  which  otherwise  they  would  have  been 
able  to  do. 

The  light  consists  of  a  lamp  having  a  Hineks  1  J-inch  duplex 
mer  protected  by  a  glass  chinmey.  The  lamp  is  enclosed  in  a 
pper  lantern,  having  a  circular  dioptric  lens  12  inches  in 
uneter  and  12  inches  high.  The  lamp  burns  two  pints  of 
neral  (crystal)  oil  in  a  winter's  night,  and  is  visible  in  ordinary 
lather  at  eight  tulles'  distance.  The  light  is  visible  on  all  sides, 
le  lantern  is  suspended  on  gimbals  in  an  iron  frame,  which 
des  on  an  iron  rod  supported  by  a  light  wrought-iron  skeleton 
wer  35  feet  high,  and  lowers  into  a  wooden  hut  at  the  bottom 
f  lighting  and  cleaning.  A  small  masthead  light  is  also  hung 
V  This  light  is  fixed  on  an  old  schooner  purchased  for  the 
irpose.  The  cost  of  a  suitable  iron  vessel  would  be  about 
100.  The  main  light  and  lantern  cost  £15  ;  the  smaller  riding 
;ht,  258,  By  this  arrangement  a  single  lantern  is  sufficient  as 
unst  the  three  required  where  the  light  is  arranged  round  the 
1st     The  annual  cost  of  this  light-vessel  is  as  follows ; — 

Wages,  including  relief  men  for  thirty  weeks,  £55;  fifty 
Uona  of  oil,  including  that  used  in  the  cabin,  £1  15s.  hd. ; 
U,  £5 ;  or  say  £62  for  the  seven  months,  September  to 
irch. 

The  boat  carrying  the  light  rides  in  two  fathoms  at  low 
iter,  and  5J  at  high  water,  and  swings  with  the  tide,  being 
ored  in  a  bridle.  The  ground  chain  is  \  inch  thick,  120 
horns  long,  moored  at  each  end  by  a  mushroom  anchor ;  from 
s  centre  of  the  ground  chain  a  length  of  ten  fathoms  goes  to 
s  veaseL  By  this  arrangement  the  short  length  of  the  veering 
iin  requires  a  less  distance  for  the  vessel  to  swing  in  than  if  it 
re  moored  to  a  single  anchor — a  great  advantage  in  a  narrow 
mneL 

In  foggy  weather,  bells,  gongs,  or  fog-horns  are  used  on  board 
htships  to  indicate  their  position.  The  bells  and  gongs  are 
Dg  on  deck,  but  so  arranged  that  the  man  sounding  them  can 
nain  below  under  shelter.  In  the  large  stations  on  the  coast 
!  ff^-homs  and  syrens  are  worked  by  gas-engines,  and  can  be 
ird  at  very  long  distances.  For  lightships  in  protected  estu- 
B8  a  small-class  fog-horn  is  made,  worked  by  hand.     Hansen's 
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Norwegian   f(^-hom    Ls   iweful   for   this    purros.-   -.a-  f.-. 
only  £2  10s. 

The  "Sirenette,"  supplied  br  the  PuUcmic-ter  YMS:..~r.-.i 
Connany,  is  aJapte.1  for  use  on  light-vessels  an.l  in  Am:,  e" 
where  only  hand-power  is  avaikUe.  The  maehiii-'  <m\-\-:-  ..:u 
lur-cylinder,  pump,  and  syroii,  and  requires  two  iiirii  t  •  v  ja. 
The  sound  caii  be  heard  in  foggy  weather  at  a  diiiiinc.-  ,f  :m 
two  to  three  miles ;  the  price  is  £100.  A  larger  iLiacLin.:.  c  :.->:- 
inj;  of  a  calorie  engine  air-receiver,  and  auto)iiatie  -Mur.'lii.;-:-^ 
and  s,\Tcn,  ci>sts  £250. 

IkofOii  LighU—la  rivers  having  Ktrai!;'lit  rcache-i.  lii-  ::- 
Clytle  and  tlie  Tees,  the  channel  is  inarke-l  by  lix-^d  li.'iii.  ,i 
the  top  of  stone  beacons.  These  lights  are  now  -ii;.:.!:;;  M 
ciiniiirt'ssed  gas,  and  consctmcntly  do  not  require  daily  a:Kii:!a 
<.)n  thi-  Thames  Sir  James  Dougla-s  hai  adopto'l  w!-ju.'i;:-!:.a 
framing  for  twfi  liglithouses  erected  in  1SS5,  oni'  at  lir'cia*. 
near  (irays.  and  the  other  at  Stoncness,  up]>o.site  Ort-TJiit 
The  liirht  at  Broadne.ss  is  provided  by  compressed  ;;a.-,  'T.-ilsA 
fri-m  the  works  belonging  to  the  Trinity  House  at  Elatkflil 
The  ;:as  is  stored  in  two  steel  gasholders,  havin;:'  a  t>jli«CH 
caj'SC-.ty  '.'f  2S0  cubic  feet.  The  cr.nsumptiun  of  gii  U  i:  'itr 
rat',  ■-■f  2:1  cubic  feet  per  hour.  The  intensity  uf  l!ie  li_:!,::' 
..•  .ua".  to  -'0  candle-i.  The  holder  will  keep  the  light  bun^rj  f>r 
ilV.  h.urs.  The  li^dit  flashes  at  intervals  of  ten  sec-.takil 
-.:  -.ariVi-  I^r  pPHiucing  tlie  flasiies  being  moved  by  elwkmiK. 
T"'-  c*  ■■:'  !"•>  house  and  light  complete  was  £9i5,  snJtla 
ii-ii.  o:  -f  maintenance  £124.  The  light  at  St.ini;ii«' 
•  ~  iu,--  '■  Vv  ihe  combustion  of  spirit  of  petroleum.  Tlit 
'.  >•..:■■-:  ia  a  clstem  in  the  building,  capable  of  bolJii^ 
'.  -..:  -■.-;.  sur-yiv.  and  Hows  to  the  lamp  by  gi-aritation. 
-■  irir^  v3>:."rizel  by  the  heat  of  the  light,  and  ca 
'.'.i\^  without  atteniion  as  long  as  the  supply  lasta, 
r."  i  :irre:o«  aJapied  W  cases  of  single  or  isolated 
-[-"--■-■;  :it  rriosction  and  conveyance  ot  compre«^ 
■n-J^i^J*-  Tb<>  main  objection  to  tha  fi»m  of 
r  sitsiif  froB  tns 
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the  structure  will  be  foimd  in  the  paper  by 
e  ninety-third  volume  of  I'roceedings  of  the 
nl  Engineers. 

ppted  at  Stoneneaa  is  known  as  the  Lindberg 
en  invented  by  Herr  Lindberg,  an  engineer  of 
itbouse  Board,  whose  patent  rights  are  repre- 
untry  by  Messrs.  J.  Trotter  &  Co.,  o£  London. 
pparatus  an  occulting  light  cao  be  provided 
f  clockwork,  and  a  light  sustained  for  several 
i  cost  of  making  and  conveying  compressed 
ilting  light,  the  revolutions  are  caused  by  the 
ap,  and,  therefore,  as  long  as  the  lamp  keeps 
ratus  will  revolve.  The  illuminating  medium 
lich  costs  Is,  9i.i.  a  gallon,  for  which  a  specially 
r  is  used ;  or  when  this  oil  cannot  be  obtained, 
jer  light  is  i-equired  than  the  burners  give,  a 
e  ordinary  paraffin  oil  can  be  used,  which  will 
without  attention.  These  lights,  as  used  in 
m  lights,  are  placed  in  wooden  towers,  which 
the  cost  of  the  appai-atua  for  a  sixth-order 
id  fixing  being  about  £lOO. 
ta. — The  approach  to  a  channel  is  frequently 
ghts,  which,  when  in  a  line,  lead  direct  to  the 
same  plan  is  used  for  facilitating  the  navigation 
es  of  river  channels.  For  river  work  these 
ced  about  20  chains  apart,  and  the  back  light 
10  feet  above  the  other. 

s  an  economical  form  of  lighthouse,  designed 
luthor  for  this  purpose.  The  light  is  supplied 
er  of  the  Def  ries  pattern,  having  a  wick  3  inches 
enclosed  in  a  glas.'j  chimney.  The  lantern  has 
ptric  lens  18  inches  high  by  lOJ  inches  wide  in 
tic  silvered  copper  reflector  at  the  back,  and  is 
bracket  projecting  from  two  uprights  attached 
1  kept  in  place  by  guiding-rods.  Tho  lamp 
an  a  pint  of  mlnoml — crystal  oil — in  a  long 
.d  is  visible  in  ordinary  weather  at  a  distance 
he  lantc-m  lowers  on  to  a  table  by  means  of 
1  chain,  and  can  then  be  drawn  into  the  house 
er  for  trimming  and  lighting.  The  lantetn 
hen  not  in  use.     The  oil  for  filling  tho 


ouae  when  t 
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hamfik  if  esauuoKd  ia  a  giUvaBaxed  iron  dram  holding  twn^ 
gJlrwfff,  and  «>  Inmg  on  a  nit  iron  frame  thafc  it  always  wmam 
a  T^Ttieal  {^»tk«,  dke  tap  being  at  the  top.  When  oQ  ■ 
vtfjpmA  ibt  dram  is  dmwn  forward,  and  the  lamp  fiDed  bm 
a^  tap.  The  yfm&m  of  dke  tap  pnmdes  against  all  risk  of 
kaka^  and  waite  The  framework  of  the  lumae  is  of  fir,  ud 
the  i^i»  and  rcuf  are  covered  with  galvanized  iron.  The  ooii 
i»asfoIk?wi: — 

£    f    <L 

nai^^       ...  ...  -..  —    10   0  0 

cfUxktiB,daa|itxiekiBpLaBdi«aeelor         ...    10   0  0 

^«>«  «»#  ••«  *••  *«•  •••  A       V      V 

^^U  GxVb  mBO  SDBBH  ••«  •*«  •«•  *«•  •••        Z     V    V 


£23   0  0 


The  chief  cost  of  maint4»nanre  is  in  the  labour  for  lighting. 
An  old  pensioner  is  generaDy  pat  to  the  work  at  a  cost  of  Kk 
a  week,  his  range  extending  over,  say,  three  miles  of  river,  and 
having  six  lamps  onder  his  charge.  The  ^^^tiiiaI  cost  under 
these  dreomstanoes  woald  be  onder  £5  per  lamp  for  labour  and 
oil,  the  lamps  being  lighted  for  seven  months  in  the  year. 

Goj^yiAoys. — The  application  of  compressed  oil  gas  to  the 
illnmination  of  beacons  and  baoys  has  added  a  very  valuable 
adjunct  to  the  navigation  of  rivers  and  estuaries  during  dark 
tides.  By  its  use  for  lighting  fixed  beacons  many  of  these  can 
now  be  lighted  which  otherwise  could  not  have  been  done, 
owing  to  the  expense  incurred  in  providing  accommodation  for 
and  maintaining  the  necessary  stafil  The  gas  used  for  this 
I>uqx>se  is  that  made  under  the  patents  held  by  Pintsch's  Patent 
Lighting  Company.  It  is  made  from  paraffin  once  refined. 
The  oil  is  vaporized  and  gasified  in  iron  retorts,  and  after  cooling 
and  purifying  is  carried  to  a  small  gasometer.  The  whole 
apparatus  is  contained  in  a  space  of  about  40  feet  by  16  feet 
(Fig.  50). 

From  the  gasometer  it  is  drawn  by  a  pump  and  forced  into 
cylindrical  holders  having  a  cubic  space  of  370  feet,  containing 
3700  cubic  feet  of  gas,  at  a  pressure  of  150  lbs.  to  the  square 
inch.  These  holders  are  conveyed  to  the  buoys,  or  the  holders 
of  the  fixed  lights,  in  a  boat,  and  the  gas  is  transferred  to  the 
receiver  of  the  buoy  by  a  pipe  coimection  having  a  stop  valve. 
The  gas  is  conveyed  into  the  buoy  at  a  pressure  of  90  lbs.,  and 


re    to  keep  it  burning  day  and  night  for  two  months. 
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or  longer  aeeording  to  the  siae  of  the  receiver.  Two  rim 
eylinders  of  the  above  dimeniriops  mre  snflieient  to  ehaigo  Am 
bao3rB. 

Theoonsamptionof  giuiinthebaoysis  at  the  rate  of  04oib 
foot  per  hour,  and  each  light  oonsnmes  about  9000  eahie  M 
a  year. 

The  emission  of  the  gM  is  retarded  at  the  bnrmng  point  I7 
an  automatic  regulator,  which  allows  it  to  flow  at  a  pusiiiii 
equal  to  ^  inch  waternsolmnn.  Provision  is  also  made  to  nait 
the  sadden  extingnishing  of  the  light  bj  means  of  a  Uow  fieooi 
a  vessel  or  mass  of  wreck.  The  flame  is  protected  by  a  speoi]^ 
designed  lantern  having  a  dioptric  lens.  The  eoet  of  makiif 
the  gas  varies  with  the  price  of  oil  from  80:  to  IIsl  per  tfaooHai 
cubic  feet  By  the  aid  of  the  dioptric  lens^  the  illuminstiig 
power  is  made  equal  to  thirty-five  candles.  The  light  is  phsii 
12  feet  above  the  water,  and  is  visible  at  a  distance  of  tliM 
to  five  miles.  Coal-gas  loses  a  large  proportion,  of  its  illaiiii- 
nating  power  by  compression,  and  is  therefore  not  aoitaUe  fa 
the  purpose. 

The  cost  of  installation  of  the  gas  plant  and  boildingi  11 
about  £450.  A  transport  holder,  27  feet  8  inches  by  4  feet  S 
inches,  capable  of  filling  two  lights,  costs  £160.  The  cost  of  t 
gas-buoy  10  feet  in  height  is  £350  to  £400.  Cylinders,  17  feet 
6  inches  by  4  feet  2  inches,  with  lanterns  and  apparatus  for 
fixed  lights,  cost  £185,  or  if  with  occulting  light,  £200-  The 
buoys  are  moored  with  1^  inch  chains  to  mushroom  anchoni 
4  feet  in  diameter,  weighing  about  30  cwt. 

In  1881  the  Clyde  Lighthouse  Trustees  commenced  lightang 
with  gas  buoys,  and  by  1883  several  beacons,including  the  Gantod^ 
Beacon,  were  established,  a  sketch  of  which  is  given  in  Fig.  51- 
Subsequently  the  lighthouses  at  Cardross  and  Dumbuck  wen 
also  lighted  by  compressed  oil-gas.  The  Qarmoyle  lightship  bas 
been  converted  into  a  gas  light-boat,  and  the  expense  of  the  ciev 
saved,  the  light  burning  six  weeks  without  attention.  The  Clyde 
Trustees  have  nine  buoys,  placed  about  half  a  mile  apart,  between 
Port  Glasgow  and  the  month  of  the  Leven.  The  gas  is  supplied 
to  these  buoys  from  the  works  of  the  Clyde  Lighthouse  Trustees 
at  Port  Glasgow,  and  is  put  into  the  buoys  at  a  charge  of  2U 
per  thousand  cubic  feet.  The  cost  for  one  year  for  repairs  and 
gas  is  about  £14  for  each  buoy. 

On  the  Tees  there  are  two  9-feet  buoys  and  three  beaooBS 


by  compressed  gas.  The  buoys  hold  sufficient  for  six 
burning  night  and  day.  The  coat,  including  the  plant  for 
the  gas,  has  been  about 
and  the  working  ex- 
jer  light  are  £21  a  year, 
ig  oil,  coal,  )i tores,  and 
Since  the  channel  has 
ell  lighted  the  number 
.  navigating  is  neaily  as 
uring  the  dark  tides  as 
laytime. 

re  are  two  gas-buoys  in 
lary  of  the  Ribblc  and 
the  Irish  Sea,  marking 
■ODce  to  this  river.  This 
I0W3  an  occulting  light 
r  seconds'  duration  of 
id  two  seconds'  interval, 
for  eight  miles.  In 
1  to  distinguishing  the 
6  to  the  Ribble,  it  is  of 
to  the  general  coasting 
These  buoys  are  also 
on  the  Thames,  where 
re  fifteen  lights ;  the 
in  the  channel  to  Lynn; 
Lawrence  in  Canada, 
ihere  are  nine  buoys ; 
Elbe,  the  Scheldt,  the 
;  on  the  Suez  Canal, 
here  are  one  hundred 
nd  beacons  lighted  by 
aed  gas;  also  at  Naples,  Melbourne,  Havre,  Oporto,  and 
isburg. 

52  gives  an  illusti-ation  of  a  small  floating  light  on  this 
OS  used  at  Barrow-in-Furness. 

gas-buoys  used  by  the  Trinity  House,  shown  in  Fig,  S3, 
rical  in  form,  having  a  wrought-iron  frame  to  carry  the 
The  weight  of  these  is  80  cwt.,  including  the  frame, 
about  3^  cwt.  The  capacity  of  the  gas-holder  is  382 
it      The  lighting  apparatus  consists  of  three  fish-tail 
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bomen,  stUTOonded  by  ft  l-ineb  dioptrie  leB&  The  iidtiil 
intensity  of  the  naked  0ame  is  seven  candles,  wbieh  is  inoMiad 
by  the  lena  to  thirty-five  candles.  The  focal  plane  of  the  light 
is  12  feet  above  the  Burlaee  of  the  water,  and  it  can  be  wm 


at  a  diHtance  of  four  to  five  milea.     The  cost  of  the  buoy  waa  - 
£+20. 

Beacons  are  used  for  marking  the  boundary  of  the  channel  or 
line  of  navigable  depth,  when  the  sidea  are  covered  at  high  water, 
and  also  are  fixed  on  sandbanks  in  an  estuary,  for  the  purpose  rf 
forming  prominent  marks  for  the  use  of  fishermen,  in  which 
position  they  are  also  of  use  as  refuges  for  men  lost  on  the  sands 
with  a  rising  tide.  For  the  smaller  class  of  rivers  poles  iO  feet 
to  ;t(l  feet  long  are  placed  on  the  banks,  having  a  triangle  or 
other  shaped  frame  at  the  top,  and  painted  white,  or  black 
and  white.  Where  there  is  much  run  of  tide  they  are  secured 
by  a  i-ineh  chain  round  the  bottom  of  the  pole,  and  attached  to  » 
.stone  sunk  in  the  bank.  On  first-class  tidal  rivers  the  channd 
is  marked  by  structures  composed  of  stone  or  concrete,  which,  n 
ah-L'ady  mentioned,  are  provided  with  lights.     Beacons  placed  on 


reat  on.  Cleats  are  fastened  to  the  pole  to  enable  them 
h  the  top.  The  chains  and  ironwork  should  be  galvanized 
it  the  action  of  the  salt  water.  The  drum  shown  in  the 
Ltion   consists   of  two    wrought-iron   hoops    attached    to 

^ollars,  and  having  iron  bars  ^^^  inch  by  IJ  inch,  spaced 


jjollars,  and  b 


A 


iir  «. 


''A:.u'i  tiinAf.   itixl'if:  tijt  dram.    The 


e(Kt  of  a  beacon  of  tUi 


'  IJ^fhthoasefe,"  by  Stevenson  (Weale's  series);  "Our  Sei 
Mafk^'  by  E.  Price  Edwards  (Londaa:  1884);  lite  jEn^nor. 
March  2U,  1881i,  [>aper  by  Mr.  James  Douglas  on  '*  LighUiowBi 
ari/i  LigbtHhip» ; "  J/iw.  Proc.  Inst.  CJS^  vol  Ivii.,  "  The  Eledrie 
Lig}it  an  applied  to  Lighthouse  lUomination,"  by  James  Doogia 


*"  accui'ate  knowledge  of  the  physical  conditions  of  a  tidal 
rer  and  its  entuary,  and  also  the  tides  and  currents,  is  abso- 
bely  essential  preparatory  to  any  works  being  undertaken  for 
t  alteration  or  improvement. 

It  ia  unnecessary  here  to  deal  with  the  ordinary  methods  of 
rveying,  but  there  are  certain  terms,  rules,  and  appliances  uaed 

ntaJcing  hydrogi-aphlc  surveys,  and  for  obtaining  information  as 
the  tides  and  set  of  the  currents,  which  it  ia  proposed  shortly 

describe. 
Hydrographic  TennB  and  Measures.— In  dealing  with  a  river 

is  always  undoi-stood  that  the  right-hand  bank  is  that  which 

on  the  observer's  right-hand  side  when  going  down  the  river 
om  the  source  to  the  sea.  In  a  tidal  estuary  the  opposite  rule 
M  been  adopted,  and  the  right-hand  or  starboard  side  of  the 
uuinel  is  that  which  lies  to  the  right  hand  of  the  mariner  on 
itering  the  channel  from  the  sea  and  going  up. 

Low  %u(Uef  in  an  estuary  or  tidal  river  U  always  taken  to 
i«an  the  level  of  the  water  at  low  water  of  ordinary  spring 
das,  and  high  water  that  of  high  water  at  the  same  period,  the 
mns  being  abbreviated  on  charts  by  the  letters  L.W.S.T., 
LW.S.T. ;  for  equinoctial  tides,  E.H.W.S.T.;  for  unusual  tides, 
s.  H.W.S.T.;  and  for  neap  tides,  H.W.N.T.  or  L.W.N.T.  The 
inns,  the  rUc  and  raTuje  of  the  tide,  mea-n  and  half-tide  level, 
ood,  and  ebb  have  been  already  explained  in  the  chapter  on 
Tides." 

The  lineal  measure  used  on  all  marine  charts  is  the  Tiautieal 
lile,  or  the  sixtieth  part  of  a  degree  of  latitude,  equal  to  69'121 
tatnte  miles,  or  by  the  Admiralty  knot,  690900  statute  miles, 
•he  precise  length  of  a  degree  has  undergone  modification  from 
t  time  as  astronomical  observations  have  become  more 
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perfS»e&.  Ic  is  gaiaraHy  lecepied  now  m  being  6062-66  ftet^ 
hemir  «r^Tial  co  1 1^2  sotfnte  mile.  The  loigtli  of  the  iitatial 
mile  a«iopced  by  the  A/fanirmlty  ia  6060  fiset,  equal  to  1*515 
^tasute  mile.  For  coaTenioiee  the  nantiiral  mile  is  geneallj 
caki^n  by  maiin^a  aa  6000  fieet,  and  the  degree  aa  69  sUtote 
mil^»5i. 

J  ib)>vt  is  the  same  loigth  aa  a  nantical  mile,  and  ia  the  tern 
used  in  defKTibing  the  speed  of  a  idiip,  hong  one  nantical  mik 
panned  ov^^r  in  one  hoor.  What,  thai,  the expreasicMi  is  nsedthit 
a  ve^viel  makes  t«n  knots,  it  means  that  this  distance  ia  eomel 
in  an  hoar,  and  the  last  two  woids  in  the  expression  often  aei 
of  '  knotA  ftiT  kc^xr!^  is  an  mmeeeasaiy  repetition.  A  mntial 
mile  »  divided  into  ten  parts  called  cables,  and  distaoeei  ait 
expressed  in  miles  and  halTca  or  qnarters,  or  cablea  Tha 
five  miles  and  a  quarter,  or  5  miles  3  cables^  wooU  k 
written  o^  and  5p^  respectivdy.  The  Tertical  measnret  of  Ae 
depth  of  the  water  in  estoaries  or  the  sea  is  generally  expRMl 
in  Jfsf}um»^  An  English  iathom  is  6  £eei.  The  loigthof  Ae 
fathom  in  other  cocmtries  will  be  found  in  Appendix  IH  Cm 
hmidred  fathoms  is  taken  as  equal  to  one  cable,  and  1000  fiithoai 
as  a  naatical  mile. 

Charta — There  are  certain  standard  abbreviations  used  in  all 
marine  charts  to  denote  the  conditions  of  the  tide ;  the  phpkal 
characteristics  of  the  estuary ;  the  nature  of  the  material  of  (he 
bottom,  the  shore,  or  the  coast ;  the  description  of  buoys  and  seir 
marks,  etc     A  schedule  of  these  will  be  found  in  Appendix  IV. 

The  charts  prepared  by  the  hydrographic  department  of  tke 
Admiralty,  and  issued  for  the  use  of  mariners,  are  to  be  obtained 
at  small  cost.  Each  of  these  charts  covers  a  certain  length  or 
department  of  the  coast,  the  principal  estuaries  and  ports  b^ 
also  given  on  an  enlarged  scale. 

Index  charts,  showing  the  coast  or  estuary  in  any  part  of  tk 
world  covered  by  any  particular  chart,  are  also  issued.  These 
are  c^jnvenient  for  ascertaining  the  particular  chart  required. 

The  charts  relating  to  harbours  and  estuaries  are  general^ 
drawn  to  a  scale  of  one  or  two  nautical  miles  to  an  inch,  bdog 
the  natural  scales  of  ^J^^j  or  xi\^^^'  They  show  the  coast- 
line and  prominent  objects  on  shore,  the  shore,  the  space  covered 
by  water  at  low  water  of  ordinary  spring  tides,  the  depth  of 
water  in  the  channels,  and  the  height  of  the  sands  above  lov 
water.     The  depth  of  water  is  given  in  fathoms,  except  on  the 
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lary  and  harbour  charts,  where  it  is  generally  in  feet.     The 

of  the  sands  that  are  bare  at  low  water  is  distinguished 

figures  being  underlined.     A  scale  of  nautical  miles  is 

on  some  charts ;  on  others  only  the  degrees  of  latitude  and 

ide,     The  distances  on  the  chart  may  be  sealed  from  the 

e.     The  degrees  of  longitude,  if  used,  would  require  to  be 

jd  by  calculation  for  different  latitudes,  the  length  varying 

places  between  the  poles  and  the  equator. 

marine  charts  the  bearings  and  direction  of  the  plan  are 

TS  magnetic.      On   plans   of   harbours   and    estuaries  for 

leering  purposes,  tlie  drawing  is  always  made  to  coincide 

true  north. 
le  needle  of  the  compass  does  not  at  the  present  time  point 
true  north.  The  number  of  degrees  which  it  deviates 
lis  vary  with  the  meridian  of  the  place,  inci-easing  westerly 
7  degrees  between  the  east  coast  of  England  and  the  west 
Irelfind-  The  local  variation  is  given  for  each  place  along 
in  the  Admiralty  SaiUng  Directions.  About  300  years 
-62)  thei'e  was  no  variation.  After  that  it  began  to 
'6  westerly,  and  attained  the  greatest  variation  at  24°  27' 
west  in  1818.  After  which  the  variation  began  to  move  easterly 
again,  and  at  the  present  time  at  the  meiidian  of  Greenwich  it 
is  17°  12'  west.  The  rate  of  decrease  has  not  been  regular. 
Between  1830-+0,  it  was  at  the  rate  of  3'-9;  1840-50,  5' 9;  1850- 
60,  6'*9;  18(i0-70,  7'-l ;  1870-80,  8'-2;  the  present  rate  is  8'  a 
year.  Besides  the  local  and  annual  variation,  there  is  also  a 
diurnal  change,  the  needle  moving  westerly  in  the  morning  and 
until  an  hour  after  noon,  and  then  going  easterly,  the  maximum 
variation  being  12',  the  mean  being  at  10  a.m  and  7  p.m.  The 
amount  of  variation  differs  slightly  at  different  periods  of  the 
year. 

Nautical  men  use  the  points  of  the  compass  to  express  the 
bearing  of  a  channel  or  of  any  object,  the  magnetic  north  point 
being  the  datum,  and  the  angle  the  object  makes  to  this  being 
expressed  by  the  jTointa  of  de\-iation  from  the  four  cardinal 
points.  Engineers  express  the  angle  by  the  number  of  degrees, 
minutes,  and  seconds  into  which  the  circle  is  divided.  There 
are  32  points  to  the  compass,  the  divisions  between  these  being 
expressed  by  quarters. 

There  is  no  fixed  system  for  expressing  the  divisions,  but 
tbey  are  read  from  the  nortli  to  the  east,  and  thence  by  south 


1..H  TIDAL   RIVERS. 

lit  wcnl,  ill  till*  HAiiit*  ilintction  as  the  Laxid^  cif  &  irLXiii. 
'Diiq  mill  ii  Ni»iiii>iiiiii>H  (Ifpartol  from  for  tlnr  wLki-  of  ~ii 
•>liii«t itP.-1-i     TliiiH  N.N.W.  i  W.,  is  preferable  t.o  X.IT.  \^  X  \  X. 
Itiil  K  li\   N    J  K  .  iiiHti*a(l  of  E.  J  N.,  would  be  iiis«erij  vr:«c 

A  |iiiiiil  iM  IT'  l.V,  north  bciD|;0. 

Tho  :iv  piiiiitM  of  iho  coinpaiM  and  the  ec«Te«gK4Dir:c  ftaptf 
Mill  lio  Iniiitil  ill  (.hi«  Appendix. 

riii«  ill  ^rooN  of  longitude  on  the  Englifih  AdzniTaZiT  cbiiu 
4110  iroUtniiMl  iiiiNt  or  wt*Ht  of  the  meridiaii  of  GT^ese&TkL 
riio  ohm  It  of  KusNia.  Kwedun,  Norway,  Denmark.  HoQini, 
Aualiiii.  mid  Iho  rnitod  States  use  the  meridian  of  Grcea- 
\\\\A\.  Kiiiiioo  liiiH  iidopttMl  that  of  Paris,  2'  SO'  15'  ea$t  of 
ihtMMis^  w\\ ,  Spiiiii.  that  of  San  Fernando,  Cadiz,  C'  If  S-I^west 
III  i)u'i-u\\ioli,  Porlii^al,  that  of  Lisbon,  9"  T'  3f'  west  of 
ihooiiw  w\\ 

I'milioi  pmi  ioidarM  aM  to  tho  physical  characteristics  of  the 
\\\M\^\.  ilio  imtiiro  of  tho  Intttoin,  set  of  the  tides,  etc,  maybe 
ulitaiiu'd  Umiii  tho  Utok.s  of  Sailing  Directions  Lssued  by  tbe 
AdiiiiialiN .  ()u«.*«o  lor  tho  South  (.^oast  being  known  &s  Parts  1 
and  -  ^A  ilio  iliannol  Pilot,  for  the  East  Coast,  Parts  1  to  4 
III'  ilko  Niiiili  SoH  Pilot;  ami  ftn*  other  parts  of  the  kingdom, 
ii->  ilu-  Sailiui;  iMiootivMiH  for  any  particular  coast. 

riu  AiliuoallN  ol\{ivls  aiv  pivjiarod  for  the  use  of  mariners, 
mivl.  iilil»v»u^li  iiiK«i\lini;  a  lai>ro  amount  of  valuable  and  useful 
iul\»iiu.iUv'o.  air  n^»t  NutVioiont  for  the  purpose  of  an  engineer. 
InU'^^  a  i-U.ut  A  ilio  estuary  on  a  large  scale  already  exists 
whkli  vMu  tu'  c*»iivotk'vl  aiul  l»nuii»ht  up  to  date,  a  fresh  survey 

\\  ill  Iv  »U\\**»Sll  \  . 

lu  luailx  iill  \\w  impoiliini  estuaries  of  this  kingdom  there 
e\i^t  iiuiiiiu'  smNe\>  wliieh  were  made  by  the  late  Mr.  Giles 
t;»i  Mr.  J.  Ueiuiie.  Mr.  J.  \Yalkei\  and  other  engineers,  early  in 
the  [»iv^vnc  eeiuuiA  .  when  works  on  a  very  extensive  scale  were 
inuleit;ilNV'n  ll»r  the  iuiproveiuent  of  the  ports  and  harbours  of 
ihv'  kini;»lv»m.  TiieM'  eluuts  are  iveoi^nized  as  being  very  com- 
l»U-ie  ;uul  iuvuiiUe.  iiiul  uiuv  be  taken  as  a  model  for  any  similar 
wv^k  whieli  ail  liNAliv-rapMe  surveyor  ha*  to  porlbrni. 

Marine  Surveying,  i^'aptaiu  Wharton,  tho  Admiralty  hydnv 
:;ii4'hvi  iviiuuk^  in  the  I n^^t ructions  to  SurveyoiN  that  the 
l.MiiMi'  '11  .'t'  iiii  iueurate  chart  is  the  ivsult  of  niany  operations. 
ill"  .'■  MMiiiiiu  eaiv.  at  Cent  ion.  and  uietluHL  To  ensure  method 
ana  uir.i-Tmicy  in  preparing  charts  tor  the  Admir^ty.  iu>truc- 
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ire  issued  by  the  hydrographical  department  containing 
which  have  to  be  observed  by  all  surveyors  engaged  in 
making  marine  surveys  for  this  department.  In  making  plans 
of  estuaries  for  engineering  works  it  is  desirable,  as  far  as 
possible,  to  observe  the  same  rules.  These  rules,  altered  to  suit 
In  engineering  survey,  may  be  briefly  described  as  follows:  All 
jAiarts  and  plans,  when  practicable,  are  to  be  constructed  upon 
Ihfi  true  meridian  ;  soundings  to  be  reduced  to  mean  low  water 
if  ordinarj-  spring  tides  in  feet  and  fractions  of  a  foot ;  under- 
lined figures  to  denote  the  height  of  the  banks  above  low 
water;  the  direction  and  velocity  of  the  tide  to  be  expressed  by 
mows,  n  >  for  the  flood,  and  — ^  for  the  ebb  current,  and  by 
Enota  and  fractions  of  a  knot;  the  period  of  the  tide  by  the 
initials  1st  Qr.,  2nd  Qr.,  etc.;  the  scale  on  which  the  plan  is 
Irawn  to  be  always  given;  the  natui-al  proportion  which 
ihe  chart  scale  bears  to  the  real  dimensions  to  be  represented 
thus:  lisifii,  for  a  scale  of  1  inch  to  1  statute  mile;  difierent 
Ifpea  of  lettering  to  be  used  for  diS'erent  classes  of  objects,  the 
Mtmng  of  a  modem  published  Admiralty  chart  to  be  taken 
la  an  example;  names  or  remarks  to  have  the  same  general 
lirection,  so  as  not  to  require  the  plan  to  he  turned  in  difierent 
lirections  to  read  them.  In  colouring  a  plan  water  is  always 
o  be  denoted  by  blue,  the  tint  being  made  deeper  according  to 
fae  depth,  and  varied  so  as  to  show  different  depths,  the  main 
ieep-water  channels  being  shown  by  the  darkest  tint ;  sands 
ind  Bftodbanks  to  be  yellow,  shingle  brown  (burnt  sienna),  mud 
[rey,  marshes  green. 

The  initials  denoting  the  abbreviations  to  he  used  will  be 
ound  in  Appendix  IV.  Soundings  to  be  ])laced  in  straight  lines 
terpendicular  to  the  coast.  The  level  of  low  water  adopted  to 
le  referred  to  a  lixed  datum  given  on  the  plan.  This,  in 
Si^land,  should  invariably  be  the  ordnance  datum,  or  in  other 
xrantriea  the  standard  datum  of  the  country.  The  dimensions 
o  be  in  statute  miles,  nautical  miles  being  used  on  charts  for 
a&rine  purposes. 

Plans  should  be  mounted  on  holland  or  linen. 

SoTTeying. — In  making  the  survey  of  an  estuary  considerable 
:perience  ia  required.     The  work  is  more  tedious  and  slow  than 

land,  owing  to  the  interference  of  the  tides  and  the  short  time 
it  the  low-water  channels  are  visible.  The  first  and  most 
iportant  part  of  the  work  consists  in  laying  out  the  base-line. 
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regard  to  this,  Captafn  Wluuton  eonsidefs  that  'tbe 
nnmber  of  times  a  boae  must  be  meaaared  depends  on  dtaai- 
9Caneefl ;  that  &r  a  harbour  plan  twice  wiQ  be  soffieieiit  if  tia 
meaaixrem^ata  agree  to  a  foot  or  twa  If  the  sarrejr  is  of  gnii 
extant,  three  or  four  times  wiQ  be  more  satisfiMrtoty." 

The  chief  angles  being  set  out  by  the  tbeodcdite,  the  box 
sextant  will  be  fixmd  a  Toy  conYenient  instrmnent  fiv  fiDiBg 
in,  especially  in  places  wh^re  a  theodolite  eoald  not  be  aet  op 
owing  to  the  sand  b«ng  quick  or  the  mud  ac^  Withalifttti 
practice  angles  can  be  taken  with  great  aecnraqr  with  tliii 
inatnimenL  Its  accuracy  can  always  be  verified  by  eompbtii^ 
the  circle  and  by  adding  the  degrees  together,  making  the  toiil 
up  to  360.  This  instrmnent  is  also  osefol  in  determining  tin 
position  of  a  bnoy,  beactm,  or  other  smilar  object,  from  a  sin^ 
station.  The  observer  having  moored  his  boat  to  the  biioj,ia 
angle  is  taken  to  two  otho*  objects,  the  poaitioo  of  whidi  u 
known  and  mariced  on  the  ]dan  of  the  estoaiy.  This  ao^ 
being  {»tkdiiced  on  a  piece  of  tracing-paper,  the  paper  is  monl 
aboat  until  the  two  lines  sabtended  by  the  an^  exactly  cofer 
the  two  diatant  objects,  the  position  of  the  booy  <m  the  plia 
will  then  be  at  the  vertex  of  the  angle.  If  three  or  more  objects 
are  taken,  it  will  check  the  accoracy  of  the  observation. 

The  prismatic  compass  is  frequently  used  for  taking  the 
bearings  of  channels  or  of  buoys,  and  is  a  very  convenient  and 
handy  instrument  for  this  purpose.  Care  must  be  taken  that 
its  readings  are  not  affected  by  the  presence  of  metal  about  the 
boat  or  on  the  pers«>n  of  the  observer. 

In  estuan^'Surveying  it  is  often  difficult,  owing  to  a  \sat 
hanging  about  over  the  water,  to  see  distant  objects  so  as  to 
be  able  to  read  them  with  the  instrument.  To  provide  against 
this,  Captain  Wharton  advises  the  use  of  an  heliostat  By  this 
means,  in  haz}-  weather  angles  may  be  obtained  when  the  place 
from  which  the  flash  was  sent  was  entirely  invisible.  On  a 
bright  day  the  flash  from  a  mirror  of  3  inches  x  2  inches  may 
be  seen  for  several  miles.  Captain  Wharton  gives  a  design  for 
an  exceedingly  simple  instrument  sufficient  for  this  porpose, 
consisting  of  a  looking-glass  or  mirror  from  2  to  6  inches  in 
diameter,  mounted  on  a  light  iron  tripod  2  feet  6  inches  higb» 
revolving  on  retaining  screws.  An  arm  projects  from  the 
Htand,  having  a  ring  of  flat  wood  with  a  white  cardboard  di» 
about  1  inch  in  diameter.     A  hole  \  inch  in  diameter  is  made 
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the  back  of  the  mirror,  so  that  the  light  can  be  directed  to 
^be  object  required.  The  arm  is  moved  until  the  object  as 
cegBrded  in  the  hole  in  the  mirror  is  obscured  by  the  white 
isardboard  disc  in  the  centre  of  the  ring,  and  the  flash  will  be 
ma  directed  in  the  required  line. 

It  is  a  great  saving  of  time  when  natural  marks,  such  as 
mspicuous  trees,  church  spires,  or  other  prominent  objects,  can 
s  made  use  of  as  stations.  Where  there  are  rocks  or  cliffs, 
tines  made  with  whitewash  are  more  permanent  than  poles  or 
%eacon.s ;  and  if  tree-atem-s,  angles  of  houses,  or  other  objects  are 
Tivliitewashed,  they  become  much  more  visible.  Floating  beacons 
re  often  of  gi'eat  service  in  marking  the  position  of  channels 
'here  they  are  not  buoyed.  Casks  can  be  used  for  this  purpose, 
}isving  a  beacon  and  flag  fixed  on  the  top,  and  moored  with  a 
light  chain  to  a  weight  or  mushroom  anchor. 

In  selecting  marks  for  stations  or  in  fixing  beacons,  these 
.&Te  the  more  visible  the  greater  height  they  are  raised  above 
the  surrounding  surface.  On  the  water,  owing  to  the  rotundity 
of  the  earth,  an  object  5  feet  above  the  ground  becomes  invisible 
&t  2^  miles,  supposing  the  observer's  eye  to  be  level  with  the 
-water;  10  feet  high  at  4  miles;  15  feet  at  4^  miles;  20  feet  at 
&ii  miles ;  25  feet  at  G  miles ;  and  50  feet  at  8^  miles. 

The  following  formula  gives  approximately  the  height  an 
object  requires  to  l>e  above  the  ground  to  be  seen  at  a  given 
<listance — 

H       „ 


V 


HH 


■where  H  is  the  height  in  feet  above  the  ground. 

M,  the  number  of  miles  the  object  is  distant ;  for  example, 
a  tower  50  feet  high  would  be  visible  at  8"66  miles. 

For  measuring  horizontal  distances  the  100-feet  steel  chain 
is  used,  the  land  surveyor's  chain  of  66  feet  never  being  used 
for  marine  surveys. 

The  contour  of  river  channels  and  heights  of  the  shore  and 
sands,  as  far  as  practicable,  are  obtained  by  levelling  in  the 
ordinary  way,  the  channel  being  shown  by  a  section,  on  which 
die  bed  of  the  river,  the  low-water  line,  the  high  water  of 
ordinary  spring  tides  and  of  neap  tides,  and  of  the  highest 
recorded  tides,  are  shown.  The  height  of  sandbanks,  marshes, 
etc,  is  given  by  tigures  on  the  plan. 


^    > 
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Titt  Tig^rrrg  uf  f^eesianE  of  a  tidal  river  oocapies 
iiiii^  w  "iiK  ▼'ari:  i^  nmcL  Imida^  by  the  tides.  WImb  (he 
riafe  of  lift  UQt  i^  £7SKL.  tbir  ^ork  can  only  be  carried  oa  jfar 
buiiin  Tv:  lt  TJirs^  Lcmzit  before  and  after  low  water. 

1l  -a^rrrir  i^ciiririidizi&l  aeeDans,  with  the  water-level  eoa* 
i:T;nf/7'  'ticTiiir  wizxi  lite  fTtib  or  flood  tide,  the  level  of  fhe 
wKver  IU115I  be  "lu^zir  croncizireotly  with  the  soundings.  Oiiy 
i:  ibr  ^-w:fnles«  of  xbt  cnrrent.  or  to  the  obstructioiifl  on  tk 
'jKL^f  Kill  nuier  s&n^sK.  -uit  jereller  is  generally  unable  to  kei| 
.»L  zbr  r:r^.uGi^  X  irj  iDove  aloog  with  or  as  quickly  ai 
\iyi  'XMSL  Vij^  ¥WL  cTcumstaiiees,  the  observer  taking  Ae 
>\rciiL'Zi^  ^'xj/snz  1^  lirsi  eonvenient  or  open  space  whidk 
Tiiit  jf  Ttilier  QKL  rsAcL  liiaees  a  siaike  at  the  level  of  the  water 
fc.!  wii!!^  lilt-  strnniriztf  i>  "were  laken,  and  waits  until  the  nai 


Trill  -Lii*^  jTVtiL  ssar  &^<^»sars. 


^^T^r  iLr  ItfLiJkf  ar^  s3fdep  and  the  foreshore  covered  with 
^'A  ii:^i.  a^i  libi-  ^-^^  boiding  the  level  staff  cannot  get  to  tk 
'RfcifT*  *  *»i^-e.  lir  bciz^t  erf  the  waxer  mav  be  read  by  the  letd 
fr.*:x:  &  a:i>zi^  s:«:2jdin^-j^oie  of  the  fonn  shown  in  Fig.  55,  lad 
xziarkri  vj  Lajf-inch«s.  br^i  to  the  surface  of  the  water  by  i 
vjbz.  ii;  tlr  l*.*:.  WLcB  thr  level  staff  can  be  used,  it  is  con- 
vrriJ^r.:  M  Hi  ;:  ii:  a  sirML^  wc^cden  crutch  so  as  to  give  ^rreater 
«:l-iT&i;:.rL  ilr  Iri^rii  of  iLe  crutch  being  added  to  the  tigurw 
re^i  on  iL-  ^^ai 

III  tikin^  cr:-»-5-ccti  i-ns  of  a  river,  where  the  width  is  not 

too  great  ihe  auiLcr  has  found  the  most  effective  plan  to  be  by 

havin^'  two  sircn^  wc">ien  stakes  driven  into  the  banks  at  both 

siueii;  ac'i  stretching  from  these  across  the  river  a  light  wire 

rope,  di-awn   quite  tight   by  means  of  steel  blocks  and  tackle 

attached  to  one  uf  the  posts.    Along  this  wire  is  then  stretcbel 

a  line  marked  by  pieces  of  different-coloured  rag  to  every  live 

feet.     The  intermediate  distances  are  taken  by  a  tape.    This 

line  should   be  measured   after  it   is  wetted  and  afler  being 

.stretched,  as  its  length  will  var}''  considerably  under  different 

conditions.     The  boat,  being  moored  to  the  bank  by  a  long  line, 

can  l^e  hIi  eared  across  by  an  oar  in  the  stem  bj'  one  man,  the 

other  guiding  it  along  the  wire  rope,  and  the  surveyor  taking 

the  soundings  at  regular  intervals.     Where  the  river  is  too  wide 

fiir  this  operation,  the  position  of  the  soundings  must  be  fixed  by 

a  theodolite  from  the  bank. 

Taking  SoundingB. — Particulars  of  channels  for  the  purpose  of 


Ituning  the  navigable  depth  of  water  are  found  by  soundiDg 
DUaboat  either  with  a  sounding-pole,  a  steel  sounding-chain, 
^tbe  lead-line.  The  latter  is  the  instrument  always  used  by 
UoTS,  and,  where  extreme  accuracy  is  not  required,  is  sufficient 
r  the  purpose. 
The  band  sounding-line  for  shallow  water  consist')  of  a  line 

which  is  attached  a  cylindrical  lead  weight  of  from  7  to  9  lbs. 

ia  made  hollow  at  the  ked  or  bottom,  which  is  wider  than  the 
p,  so  that  there  may  be  inserted  a  lump  of  tallow  or  arming, 
1  purpose  being  to  bring  up  some  of  the  bottom  it  touches,  so 
at  the  nature  of  the  ground  may  be  ascertained.  The  line  is 
nerally  25  fathoms  in  length,  and  is  marked  with  strips  of 
ttber  and  ditferent-cotoured  calico  or  string  at  the  2,  3,  5,  7, 
',  13,  16,  17,  and  20  fathom  marks.  These  are  known  as  "  the 
wks,"  and  a  sailor,  in  calling  out  the  soundings  where  these 
wks  apply,  uses  the  expression  "  By  the  mark  seven,"  if  the 
irk  is  close  to  the  water;  if  more  than  the  7  fathoms,  he  calls, 
md  a  quarter  seven,"  "and  a  half  seven,"  or  "a  quarter  less 
[ht,"  these  being  respectively  7^,  7  J,  and  7j  fathoms.  For  the 
Jioms  where  there  are  no  marks,  he  calls,  "  By  the  deep  four," 
!.  The  use  of  these  terms  \s  to  prevent  mistakes  in  calling 
t  numbers  which  have  similar  sounds,  such  as  7  and  11,  and 
emphasize  the  number  called ;  the  word  "  deep  "  being  derived 
ta  "  dip,"  the  line  having  to  be  haided  up  and  dipped  when 
iertaining  the  unmarked  fathoms.  The  marks  are  given  in 
!  Appendix. 

An  engineer  should  never  trust  to  the  leadsman,  but  himself 
ttch  each  cast.  An  up-and-down  cast  is  the  only  true  one, 
i  the  depth  given  is  always  in  excess  of  the  actual  depth. 

obtain  reliable  soundings,  the  boat  ought  not  to  move  faster 
in  is  necessary  to  keep  steering  way.  To  heave  the  lead 
iafactorily  requires  considerable  practice,  especially  in  rough 
ter;  there  is  a  knack  and  sensitiveness  when  the  lead  touches 
!  bottom,  and  when  exactly  to  give  the  mark,  which  can  only 
acquired  by  practice. 

A  sounding- line,  before  being  used,  should  tirst  be  wetted,  and 
m  its  length  and  mai-ks  verified ;  and  it  should  again  be  tested 
the  end  of  the  soundings.  If  the  line  is  new,  it  should  be 
red  overboard  and  stretched  before  being  used. 

For  taking  depths  in  channels  where  the  water  does  not 
%ed  20  feet,  sounding-poles  are  used.      These  require  some 
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F^ribi^pnpgseofBftriiiesiinreyMoaii' 
ftz»  oKsesB  nnksB  ther  are  eonractel 
5:r  sci»  sa&e  of  tike  tide.  Tliis  is  done  If 
ra-r5=:^  c^iserres  stationed  at  tide-guj^ 
2^'i  ztjCicz  every  quarter  of  an  hoar  the 
l-rT^I  c^f  ite  water  on  the  gauges,  the  ob- 
=^rver  taking  the  soundings  also  noting  in 
Lis  l«:o£  the  time  at  the  same  intervals. 

In  taking  soundings  from  the  coasi-liK 
acn>s$  the  shore  and  sands,  a  line  is  set  oot 
bv  two  marks  on  shore,  and  marked  on  the 
plan.  The  observer  sounding  keeps  these 
two  marks  in  line,  a  second  observer  taking 
tb';  >/«:aring  of  the  boat  by  a  theodolite  at  each  sounding  from  a 
convenient  fetation,  both  observers  numbering  the  figures  re- 
Cfjrfh'A  by  them. 

Tidal  Observations. — One  of  the  most  important  duties  of  a 
marine  hur\'eyor  in  obtaining  a  correct  record  of  the  rise  and  &0 
of  the  tides  at  different  parts  of  the  estuar}^ 

In  the  uf)per  part  of  the  river  this  is  a  matter  of  no  difficult. 
(jiiu^ftH  are  set  up  at  various  points,  and  all  fixed  accurately,  bj 
levelling  U)  tlie  same  datum.  Observers  are  placed  at  eaeh  of 
ihcMi  gauges  having  reliable  watches  set  daily  to  the  same 
time.     They  are  furnished  with  books  in  which  the  intemls 
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■which  thoy  are  required  to  note  the  time  are  marked,  and 
ist  these  it  is  their  duty  to  insert  the  height  of  the  water 
the  gauge  at  that  time. 

It  is  veiy  difficult  to  convince  the  men  employed  at  the 
iifferent  stations  of  the  necessity  of  accuracy  in  their  obaerva- 
An  assistant  should  visit  each  station  at  intervals  daily, 
xnnpare  the  records  made,  and  check  the  watches.  He  should 
take  a  copy  of  the  observations.  It  is  better  to  arrange 
br  short  intervals  for  the  heights  to  be  recorded,  although  the 
ibaxiges  in  the  heiglit  during  these  periods  may  be  small.  If 
ong  intervals  are  given,  the  observers  are  apt  to  leave  their 
itations  and  be  absent  at  the  exact  time,  in  which  case  they 
rould  probably  insert  a  figure  obtained  by  guess-work. 

These  observations  must  be  continued  daily  over  one  com- 
ilete  tide,  tliat  w  for  \i\  hours,  and  should  extend  over  at  least 

complete  set  of  spring  and  neap  tides.  It  is,  however,  better 
U>  continue  tliem  over  a  complete  lunation,  as  disturbing  causes 
\mm.  wind  and  eiTors  will  unavoidably  creep  in,  and  the  ex- 
tmded  time  gives  an  opportunity  to  check  and  correct  these. 
It  is  very  desirable  to  have  a  self-recording  tide-gauge  at  one 
station,  but  if  this  is  not  available,  the  observations  at  the 
^incipal  station  should  be  kept  up  night  and  day.  As  these 
observations  will  not  only  be  useful  for  the  immediate  purposes 
of  the  survey  in  hand,  but  will  also  afford  a  permanent  record 
of  the  tidal  conditioas  of  the  port,  and  give  information  of  value 
to  the  harbour- master  and  pilots,  the  question  of  expense  should 
not  prevent  the  work  being  done  thoroughly  and  completely. 
In  fixing  the  gauges  care  must  be  taken  to  select  places  where 
there  will  be  as  little  disturbance  as  possible  in  the  water. 

When  tidal  observations  are  intended  for  scientitie  purposes 
or  determining  accurately  the  establishment  of  a  port,  greater 
precautions  have  to  be  taken,  and  for  these  reference  may  be 
made  to  Major  Baird's  Manual  for  Tidal  Observations. 

In  an  open  estuaiy  it  is  often  very  difficult  to  fix  a  reliable 
gsi^  and  obtain  satisfactory  observations.  Soundings  obtained 
from  a  boat  are  only  approximately  correct.  Gauges  are  apt  to 
be  washed  away  or  run  over  by  vessels  at  night.  The  method 
generally  adopted  is  to  fix  a  long  pole  properly  marked  with 
black  and  white  paint,  having  a  broad  base  formed  in  the  shape 
of  a  cross,  and  weighted  and  held  in  place  by  wire-rope  stays  to 
mushroom  anchors.     If  this  can  l*  successfully  launched  and 
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'^\  -yiT^x.  the  height  of  the  water  on  the  gauge  can  be  reid  off 
\y  iLe  aid  of  a  r.-nocnlar  glass  by  an  observer  stationed  in  i 
'xyjhx  rL>:rr-i  s^aficiently  near.  This  can  only  be  done  ineiln 
wtaaiLer  azid  in  frummer,  when  the  days  are  sufficiently  long  to 
^T*r  If  b>ars'  li£:ht.  The  datum  of  the  gauge  can  be  fixed  bj 
carryiiir  tLr  •iaiam-Ievel  to  a  fixed  point  on  the  shore,  as  near « 
>jasillT  \ij  tLtr  gauge.  and  taking  the  rise  of  tide  at  high  water 
alfi'Vr  ilis  zx^&rk  and  on  the  gauge  at  the  same  time  The 
i<:7i>i  cf  n€r&f»  tides  is  most  suitable  for  observations  of  this 
as  the  chan^^es  in  level  are  less  and  the  period  for 
knic-n  Ii-ng^r  than  at  spring  tides.  This  level  can  onlyle 
f>:iici  in  j-rrfectly  calm  weather,  and   should  be  checked  en 

Tie  vb^crvations  thus  obtained  require  for  use  to  be  grafdu- 
cally  pr>i:ic^i  in  a  tidal  diagram,  giving  the  horizontal  distaneei 
o:  eacL  ^tatii-iL  the  vertical  rise  and  fall,  and  the  time.  Differeot 
•iiajraiz^  will  tie  reqmr>ed  for  rising  and  falling  tides,  and  for 
sprii:^  ani  neaps.  The  diagnms  may  either  give  the  actnil 
<iaic  of  ilv  tide  on  any  particular  day,  or  a  mean  result  of  two 
or  inorv  •:  l^^rvaiionsw  The  latter  plan  is  the  most  useful  recori 
WhichrVrr  rl&n  :s  a-:T'tel.it  should  be  so  stated  on  the  diagram. 
The  'iiijr:!::-  •: :  a  rising  spring  tide  given  in  the  illustration  of 
ir.r  Mrr>rv  Fij.  '7  will  lie  auliicient  to  indicate  the  maimer 
:r.  \v:.::h  a  ti.iil  iiirram  is  constructed.  The  illustration  in 
F:^'.  3-^  >r. .  tts  ihr  u^  of  a  tidal  diagram  for  ascertaining'  the 
Ir'  :h  ■.  f  v»  at-rr  avails rlr  for  a  ship  going  down  a  river.  Similir  I 
■lia^Taiiis  cir.  b-L-  e:  ii>:riietoi  for  a  rising  tide,  and  for  springs  I 
:.va:.>.  ar.i  ::>.an  tiies.  Th^  diagram  in  Fig.  56  shows graphi-  I 
c.vliy  th-j  stAtr  jf  ir.r  tide  a:  dirierent  parts  of  the  river  at  the 
Naiiiv  tiiuv.  ::.e  hei^h:  of  hi^h  and  low  water  at  each  statios, 
and  ihv  i::;:-  w:::ch  elapses  in  the  propagation  of  the  tidal  van 

Velocity  Observationi. — The  vt-locity  of  a  current  is  obtainel 
ei::.or  I  v  luciins  of  dc«ai>  or  l-v  current -meters. 

Tht-ir  art-  various  forms  kA.  meters  in  use,  the  principle  a 
which  those  croctrally  in  use  act  being  by  the  revolution  of  I 
screw  Gctuaicd  Iv  the  current.  The  shaft  of  the  blade  ii 
ct.'niKoivi  I'V  a  wheel  with  a  dial  on  which  the  number  i 
rcvohiii.-ns  is  reo--^rded.  The  l-Iades  are  released  when  undff 
water  ly  j-ulling  up  a  spring  with  a  cord  attached  to  it,  aal 
IctiiniT  this  j:o  a^ain  when  the  period  of  observation  iscompletdL 
l.>r  the  mean  veiooitv  is  obtaineJ   bv  alternatelv  raisin^;  aai 
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Dweriug  the  meter  from  the  surface  to  the  bottom  when  in  gear. 
ttber  meters  are  constructed  to  work  by  electrical  agency, 
imn«ctioa  being  made  by  wires  between  the  meter  aDcl  a  dial 
n  board  the  boat. 

For  ordinary  observations  in  shallow  water,  the  rod  to  which 
be  meter  is  attached  can  be  held  by  the  hand ;  but  where  the 
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birrent  U  strong  and  the  depth  exceeds  a  few  feet,  a  line  must 
be  attached  to  the  bottom  of  the  rod  and  fastened  to  the  boat, 
Me  length  being  sufficient  to  keep  the  rod  vertical  at  the 
nqnircd  depth.  The  manner  in  which  the  current-meter  was 
■rorked  while  taking  the  velocity  observation  in  the  Paraguay 
■  thus  describeil  by  Mr.  Revy,  and  is  stated  never  to  have  failed 
^Bt  the  first  trial  to  the  last  observation;  it  worked  well  in 
leptbs  of  from  10  to  100  feet,  and  in  currents  of  from  1  to  5  miles 
n  hour.  By  this  mode  all  the  currents  could  be  integrated 
tom  the  surface  to  the  bottom  in  &  vertical  plane,  and  the 
beolute  mean  be  found.  A  bar  of  iron,  about  2  inches  wide 
ly  J  inch  thick  and  9  feet  long,  with  a  hole  drilled  at  eich  end, 
■^  a  short  piece  of  round  wood  attached  to  it  in  the  centre 
''liich  fitted  into  the  socket  of  the  current- meter,  allowing  it  to 
shelve  as  on  a  vertical  spindle.  To  each  end  of  the  bar  cords 
''«re  attached  with  marks  one  yard  apart.  From  a  platform 
astiiig  on  two  small  boats  moored  on  the  line  of  section,  the  bar 
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with  the  meter  attached  was  lowered  by  two  men.  one  u 
end,  the  men  lowering  the  apparatus  according  to  the  m 
on  the  cord,  each  to  the  same  depth,     A  third  boat  waa  too 
about  a  hundred  yank  higher  up  on  the  line  of  tl»e  cur 
from  which  a  cord  readied  to  the  bar  and  was  fastenod  to  thi 
hole  in  its  end,  which  prevented  the  current  from  carrying  tlv 
bar  and  meter.     By  raising  and  lowering  the  bar  with  the  tm 
cords,  the  apparatus  was  kept  in  a  vertical  plane.     The  lessA 
of  time  the  meter  was  allowed  to  remain  in  the  water  was 
minutes,  but  obaei-vations  for   the   purpose   of  checking  o 
lasted  only  one  minute. 

As  the  blades  of  the  screw  are  often  checked  or  stopped  If 
weedn  or  sand,  it  is  never  safe  to  rely  on  a  single  obserTktios 
and  when  a  second  observation  differs  from  the  first,  theyriunlj 
be  repeated  until  a  fair  mean  is  obtained. 

The  various  descriptions  of  metei-s  in  use  will  be  foanri 
described  in  the  following  papers  in  the  Proceedings  of  111 
Institution  of  Civil  Engineers:  "  Measurement  of  Vclodty  Si 
Kngineering  Purposes,"  by  Professor  Hele  Shaw,  voL  bcix.,  1881 
"  The  Current-Meter  of  Professor  Harlacher,"  by  R.  61am,  yd 
Ixvii.  Also  in  Captain  Cunningham's  Article  on  "The  Uses 
Floats  for  Hydraulic  Experiments,"  in  the  Roorkee  Treatise,  1881, 
in  "  Notes  on  Velocity  Observations  on  the  Irrawaddy,"  by  K 
Gordon  (Rangoon:  1883);  and  Professor  Unwin's  article  m 
Hydro-Mechanics  in  the  "  Encyclopjcdia  Britannica." 

To  check  the  coiTectness  of  the  instrument,  it  can  be  dnn 
through  a  channel  of  still  water  between  two  known  distuica^ 
reversing  the  direction  several  times,  so  as  to  eliminate  any 
eiTors  likely  to  arise  from  wind  or  the  motion  of  the  water. 

It  is  an  open  question  whether  the  most  reliable  results  uf 
velocity  observations  can  be  obtained  with  currentrmeten  » 
floats,  different  observers  claiming  one  or  the  other  tui  the  uon 
reliable  instrument.  The  form  of  float  best  adapted  for  use  i> 
also  an  unsettled  question. 

In  the  Irrawaddy  experiments,  Mr.  Gordon  found  the  donUt 
float  to  be  untnistworthy  at  gieat  depths;  and,  on  the  other 
hand,  that  the  current-meter  was  liable  to  give  incorrect  result* 
owing  to  the  spindle  becoming  choked  with  fine  filaments  d 
vegetable  matter  hardly  discernible,  or  by  sand  and  dirt 

For  surface  floats  oranges  were  used  on  the  Clyde  by  Un 
Deaa.     The  author  has  found  that  ordinary  jiint  bottles,  filial 
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rater  auffieiently  to  keep  about  an  inch  of  the  neck,  out 
ir,  give  more  satisfactory  results  than  floats  which  merely  ■ 

the  surface,  as  they  are  less  afiected  by  the  wind.  If 
3  of  red  rag  be  fastened  to  the  cork,  it  assists  in  tracing 
)r(^es3.  The  author's  practice  has  been  to  start  two  or 
loats  from  the  same  station  from  the  centre  and  sides  of 
er,  and  to  take  the  mean  of  the  results. 
lere  the  bottom  velocity  is  required,  floats  made  in  the 
if  a  disc  or  cylinder  and  weighted  to  sink  in  the  water, 
.tached  by  a  thin  wire  or  cord  to  another  Hoat  on  the 
!,  only  of  sufficient  size  to  maintain  the  wire  vertical,  have 
aed.  The  float  used  in  the 
AAy  experiments  is  shown 

illustration  (Fig.  57).  Tlie 
Koat  was  a  cylinder  of  wood, 
hes   long  by  6   inches  dia- 

made  hollow  at  the  bottom, 
ace  being  filled  with  sufficient 
I  cause  it  to  sink.  The  sur- 
lat  was  a  disc  of  wood,  6  inches 


T 


*r  and  1  inch  thick.  The  two  were  connected  by  a  cord 
h  thick.  This  float  was  used  for  depths  varying  from 
SO  feet.  The  author  has  found  the  form  shown  in  Fig.  58 
L- -convenient   and   satisfactory   float.      The   lower    part 
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3-  ae&es  deep  and  6  inches  wide^  of  tka 

»  Ksfx.  sz  an  a^e  of  60^  with  eidi  otkr 

Ks*«iie&  ilipon  th«n,and  canbennoiii 

3iic  JL  TBt.  i&  m  iQ  WbJ^yw  the  blades  to  lie  AaL  Tk 

«u  Ts^  up  float  by  means  of  thin  eoppt 


vfiiDcitj  of  the  stream,  the  aaiifat 
-iTT^  xc  jjGK  It  311!'  sceaposed  ct  pointed  rods  about  1  in^a 

dnmeter  and  each  3  feet  lo^a 

d»vn  in  Fig.  59.    The  lower  nl 

•^  ^^^    — ^^-       i*  made  of  brass  tube,  so  ikk 

H  Z^^^ZZHI^    h    can    be   weighted  with  ihl 

r-^f lo  ank  it  to  the  neeesaiy  dcfl^ 

~ the  qoantity  varying  with  tb 

_  , depth  and  number  of  rods  ittichiL 

»M  fc-  Eadi  rod  fits  into  a  socket,  and  ■ 

sEjcnred  in  place  by  a  pin.  Thi 

top  rod  has  a  wire  which  piqedi 

aboTe  the  water,  and  cum  a 
small  red  flag  by  which  its  progni 
can  be  followed.     This  rod,  reid- 

^ ing  frvi'm  the  surface  to  asneir 

the  l<>ttom  as  the  shoals  in  tk 
channel  will  permit,  is  acted  as 

::  l  V  ihe  whole  vertical  current,  and 

gives  therefore  the  mean  velocity. 
izi.  z^^'.zLz  c-:z:T'.r:ely  ir-.rr.rrged  in  the  water,  is  not  affected  bj 
:if  -K-iz  :.  E-ein^  niaie  in  <hort  lengths,  it  is  convenioit  fir 
::2^^r-:r:  •:::   >:T2a^:: l:s  when  onlv  a  limited  number  of  obsem- 

•  m 

For  ci:n:ii:u:u-  cLj>crvations,  where  the  floats  are  intended 
to  remain  in  the  channel  and  float  up  and  down  with  the  tide, 
these  should  l<  made  of  a  solid  log  of  wood  about  12  indMi 
f^'.uare,  and  of  a  length  equal  to  the  shoalest  depth  of  the 
channel  at  low  water,  weighted  so  as  to  float  vertically  and  be 
immerse*],  leaving  onlv  sulficient  of  the  float  out  of  the  water 
for  the  observer  to  watch  it<  course.  The  visible  part  should  he 
painte^i  white,  and,  if  the  oliservations  are  continued  during  the 
night,  a  <riiall  lamp  should  be  fixed  on  the  top.  The  coorae  of 
the  flr>at  must  be  watched  bv  a  man  in  a  boat,  who  should  be 
instructed  never  to   touch   it   unless   it   becomes  stranded,  or 
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un&ged,  or  sent  oat  of  its  course  by  the  traffic  or  otherwise, 
loats  of  this  kind  were  used  for  the  tidal  observations  made  on 
je  Thamt«  and  on  the  Clyde. 

In  estuaries,  in  order  to  follow  the  direction  and  velocity  of 
[irrents  through  different  channels,  Boats  of  a  larger  character 
re  required.  For  this  purpose  .imall  barrels  or  buoys  may  be 
Bed,  having  as  much  immersion  as  the  channel  will  allow,  and 
larked  by  small  dags  attached  to  rods  on  the  top. 

Where  the  float  traverses  a  considerable  distance,  as  in  an 
stuary,  the  time  of  departure  and  arrival  is  all  that  is  required. 
D  a  river-channel  where  the  velocity  has  to  be  calculated  from 
short  course,  greater  care  has  to  be  exercised,  a,s  the  time  must 
e  reckoned  by  seconds.  For  this  purpose  it  is  best  to  take  the 
Migest  stretch  of  straight  water  that  can  be  obtained,  Poles 
X«  fixed  on  each  bank,  and  the  distance  accurately  measured. 
n  a  small  river  the  time  of  the  float  passing  the  poles  can  be 
lOted  by  the  eye,  but  in  wide  rivers  it  becomes  necessary  to  use 
■  theodolite  at  each  station,  the  observer  at  the  lower  station 
.enoting  the  time  of  the  passing  of  the  float  by  dropping  his 
lused  arm  or  lowering  a  Hag. 

A  chronograph  independent  of  any  other  movement  except 
bat  for  recording  seconds  and  minutes,  and  which  can  be  set 
D  motion  and  stopped  by  merely  pressing  on  tho  knob  under 
lie  handle,  is  the  most  convenient  instrument  for  taking  the 
ime.     These  can  be  obtained  now  at  a  very  small  cost. 

Samples  of  Water. — It  is  fre(iuently  necessary,  and  always 
iefurable,  to  obtain  samples  of  the  water  for  the  purpose  of 
BCertaining  the  amount  of  detritus  in  suspension,  and  its 
faaracter,  whether  sand  or  alluvial  matter,  in  order  to  trace  the 
ource  of  supply. 

For  this  purpose  the  samples  should  be  taken  not  only  from 
he  surface,  but  from  as  near  the  bottom  as  practicable. 

For  temporary  purposes,  or  when  other  means  are  not 
(vailable,  this  may  be  done  by  means  of  a  glass  bottle,  such  a^ 
used  for  aerated  waters.  Two  cords  are  used,  one  attached 
to  the  bottle  and  the  other  to  the  cork,  which  is  so  fitted  as  to 
be  easily  withdrawn.  The  bottle  being  weighted  and  lowered 
to  the  required  depth,  the  line  attached  to  the  cork  is  then 
pulled  and  the  cork  withdrawn,  and  after  a  short  interval  the 
iwttle  drawn  into  the  boat. 

The  instrument  used  by  the  author,  and  which  he  has  found 


tiMTeaaeL    TdH 
areattMlwd  Uuvestoal 

.jabi 
fvtfaer  in  »  iiiig,toiri 
sttMiied  tbe  oord  ibr  km 
KDd  nnbig,  »  seeODd 
Wn^attacbeil  to  a  ringi 
When  the  m 
JTTiercd  to  the  required  d 
ih«  osd  attached  tfl 
Talre  is  dnwn  op  ooti 
T»i^*  is  lifted 
-.iMT  w*UT  to  enter;  tb« 
TcvToitB  it  bcoBg  eq 
vnhdnvn,  and  oo  tb 
bdag  tdeased  it  &Ui 
in  iti  place.  Tbe  aia 
•jtape  of  this  ii 
the  same  as  tba  towa 
of  Fig.  60. 

Ab  improvetooit  o 
iostnoitemt  has  been  M 
Mr.  Herbert  WheeJer.! 
the  valve  being 
a  eatdi  attached  to  a  ^ 
which  acts  antomatieRl 
is  9o  reflated  as  to  i 

the  catch    at    any  nt 

^^^^^^^^^^^^^^^^^M    depth.    The  priodple  4 

PH.«a-««kte.ii.     .1  ^— .       „t„,etion  is  as  ToUo*^ 

60  being  an  iDiistiatioD  of  the  instnnneat : — 

The  openit^  into  the  bottle  is  closed  by  n 
valve,  kept  in  place  by  a  phosphor-bronze  spring,  i 
be  set  to  any  reqaired  tension  by  tDeans  of  a  i 
the  top.     nien  the  bottle  is  lowered  and  reaches  t 
which  the  sf^ring  haa  been  set,  the  pressure  of  t 
on  the   aur&ce  of  the  valve  overcomes  thn  i 


n 
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prin^,  and  the  valve  moves  down  until  it  releases  the  catch 
ionnecting  it  to  the  spiing ;  this  allows  the  inner  valve  to  open 
Bod  the  bottle  to  fill.  On  being  removed  from  the  water,  the  lid 
is  unscrewed,  the  top  removed,  and  the  bottle  can  then  be  emptied. 
When  not  in  use,  the  upper  part  reverses  and  fita  into  the 
bottla 

For  obtaining  an  average  sample  in  shallow  water,  the  author 
haa  sometimeit  used  a  brass  tube  1^  inch  in  diameter,  having 
k  valve  at  the  bottom  opening  upwards.  This,  being  lowered 
bo  the  bottom  and  drawn  up,  becomes  filled  with  a  complete 
lectjon  of  the  water.  The  pipes  are  made  in  short  lengths  con- 
nected by  screw  unions. 

Several  wide-mouthed  bottles  are  required  for  holding  the 
■amples,  and  where  a  large  number  of  samples  are  taken,  those 
Srst  placed  in  the  larger  bottles,  after  standing  a  sufficient  time 
for  the  water  to  become  clear,  can  have  the  clear  water  with- 
9rawn  and  the  samples  placed  in  a  smaller  bottle,  each  being 
Brst  carefully  labelled  with  the  locality,  time,  depth,  state  of 
ade,  and  the  original  quantity  of  water.  By  the  use  of  these 
tmsU  bottles  much  less  space  for  storage  is  required,  and  they 
Kre  much  more  easily  transported.  The  author  has  found  a 
HTOoden  case  containing  12  bottles  about  IO4  inches  high  by 
I  inches  in  diameter,  and  holding  about  half  a  gallon,  and  12 
jtmaller  bottles,  about  ■!■  iiiche-s  high  and  2  inches  diameter,  a 
Irery  convenient  arrangement.  The  case  has  divisions  in  which 
the  bottles  are  fitted,  and  will  stand  a  good  deal  of  knocking 
kbout  in  a  boat  without  fear  of  the  bottles  being  broken. 

When  the  sediment  has  all  settled  at  the  bottom  of  the 
bottle,  the  clean  water  la  drawn  off  from  the  larger  bottles 
*ritb  a  syphon,  and,  if  only  small  in  quantity,  is  filtered 
through  filtering-paper,  dried,  and  then  weighed.  The  filter- 
ing paper  has  to  be  first  carefully  weighed,  placed  in  a  funnel, 
4nd  the  water  and  sediment  poured  on  to  it.  To  provide 
«gunst  holes  being  broken  in  the  paper,  it  is  advi.sable  always 
to  use  a  layer  of  paper  in  the  fuunel  under  that  on  to  which  the 
Water  is  poured.  Where  the  quantity  is  great,  it  has  to  be  dried 
in  a  clean  shallow  copper  or  other  metal  vessel.  The  proportion  of 
Kdiment  to  the  quantity  of  the  water  in  which  it  was  originally 
in  suspension  is  reduced  to  the  number  of  grains  per  cubic  foot 
or  gallon  of  water. 

^^ere  are  7000  grains  in  1  lb,  avoirdupois ;  a  pint  of  water 


J 


I 
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contains  3+66  cubic  inches ;  a  gallon  277274  indies,  or  O'll 
cubic  feet,  and  weighs  10  lbs.  One  cubic  foot  <A  fresli  nt( 
weighs  62-425  lbs. ;  ef  sea  water,  etll  lbs. 

The  method  adopted  on  the  Klississippi  Burrey  wu  ■ 
follows :  Three  stations  were  selected,  two  near  the  banki,  la 
one  in  the  middle  of  the  river.  Samples  of  water  were  b 
at  the  surface,  mid-depth,  and  bottom.  The  samples  \ 
taken  in  kegs  weighted  at  the  bottom,  and  provided  with  i 
lai^e  valve  opening  upward  fixed  in  both  heads.  Wheo  tl 
keg  reachetl  the  surface  the  water  was  thoroughly  stirred,  v 
a  bottle  filled  from  it.  One  hundred  grammes  were  meainr 
from  each  sample  and  preserved  in  a  precipitating-bottle. 
receiving  six  daya'  contribution.'*,  these  bottles  were  set  aside  (a 
two  weeks  to  settle.  Tlie  greater  part  of  the  dear  water  m 
then  removed  by  a  syphon.  The  remainder,  after  thorough^ 
sliaking,  was  poured  upon  a  double  filter  composed  of  two  piM 
of  filter  paper  of  equal  weight.  After  being  dried,  the  ti 
papers  were  separated  and  placed  in  opposite  sides  of  a  ptiri 
scales.    The  difference  in  weight  gave  the  weight  of  the  sedimei 

To  ascertain  the  amount  of  alluvium  in  suspension  ia  tli 
Seine,  a  thousand  samples  of  the  water  were  taken  by  M.  BeJk 
ville,  in  1SS2,  at  difierent  stations  along  the  river.     The  samp 
were  taken  at  one  metre  above  the  bottom,  and  the  same  d 
tance  below  the  surface.    The  quantity  of  sediment  was  k 
by  the  height  of  deposit  found  after  the  water  had  i 
twenty-four  hours  in  a  grathiated   glass  tube.     With  allir 
matter  it  was  found  that  the   settling  which    continui-d  al 
twenty-four   hours   attained   about   one-tenth    of   the   origi 
quantity,  depending  on  the  amount  of  clay,  and  vanishing  I 
nothing  as  the  sediment  became  more  sandy.     The  sediment 
the  tubes  was  reduced  by  calculation  to  the  number  of  culi 
centimetres  to  a  litre  of  water.     The  weight  of  the  sedim 
was  obtained  by  weighing  some  of  the  .samples,  and  aver 
as  follows : — 


'  OP  A  Cnnic  Cestimettle  o 

Mud,  very  thin 

..     thick 
Baud  and  mud 
Puio  sand 


0190 
0-515 
0-7ti2 
1-442 


"Regime  Hydraulique  de  la  Seine  Maritime,"  M.  Belleri 
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is  Congress,  1889 ;  "  Hydrographic  Surveying :  a  Description 
bhe  Means  and  Methods  employed  in  constructing  Marine 
irts,"  by  Captain  Wharton,  RN.  (London,  J.  Murray :  1882) ; 
sneral  Instructions  for  the  Hydrographic  Surveyors  of  the 
uiralty  "  (London,  sold  for  the  Hydrographic  Office  of  the 
aiiralty  by  J.  Potter :  1888) ;  "  Manual  for  Tidal  Observa- 
ks,  and  their  Reduction  by  the  Method  of  Harmonic  Analysis," 
Major  Baird,  RE.  (1886 :  Taylor  and  Francis,  London). 
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•if  m*  «&ct  of  wind  and 

fiJL  TTtTTn>«TrnTn  :c  lie  iffial  w^ve  from  the  open 

iniL  u:=*::  "i:  -ne  ti — ttj  •^xi«^;^i*nuzrai  of  the  vertical  u 

It  zLiLac  Ji!:^v--rT^2r.  "^  V.E3e  za.  mii^i  ifaas  the  midn  features 
:c  -biwiaz-je-.  izji  iz*i  TT.'»i-Trpyaj'i"»>  ct  tLdr  rhannels  are  doe  to 
'^  rt-rr^iir  iz»i  r:ii:«Ga:is  acsfmi  :c  the  tides,  and  not  to  the 
i^Lz^jm^zzr^z  lA^Dir  :c  vizLLi?  acii  s€*jmis.  or  oecasional  heavy 
-i^i  i:«:«L».  Tz^ese  a,z''ti:&ij»  aiAv-  fer  a  time  disturb  the  ri(fim 
jt  zhi  -iitnary  -in  lirr  n^r^iiral  l:Alanee  of  forces  ultimately 
ZT^-riiL^,  izji  tL-r  -'r AT  -.*:.^  ar&  rest«>red  to  their  normal  condi* 
ti'-rL  Tlii-  facr:  i^  inm  very  dearlv  by  the  working  of  these 
tibial  models. 

It  has  bir^n  decisively  shown,  by  models  working  undir 
different  coniiti^Dns  and  by  different  operators,  that  resub 
fairly  approximate    to    those    actually   in    existence    can  ke 
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btained.  and  that  tlie  discrepancy  between  the  vertical  and 
orizontal  scales  does  not  materially  affect  the  disposition  of  the 
urrenta  or  their  eifect  on  the  itioveinent  of  the  sand. 

The  manner  in  which  the  particles  of  sand  are  conveyed  by 
he  water,  and  the  form  in  which  they  are  disposed  under  the 
ontinual  alteration  in  the  direction  of  the  current,  as  bearing 
iH  the  fumiation  of  bars  and  the  maintenance  of  deep  pools,  can 
►€  watched  in  these  tanks,  and  a  knowIed(j;e  obtained  which  it 
a  impossible  to  derive  from  observations  in  the  deep  water  of  an 
>pen  estuar}'. 

The  method  of  obtaining  a  knowledge  of  tidal  action  in 
istuaries  was  first  brought  before  engineers  by  Professor 
Dsbome  Reynolds,  in  a  paper  which  he  read  to  the  Mechanical 
Section  of  the  British  Association  in  1K87.  In  this  paper  Mr. 
Beholds  described  the  results  which  he  had  obtained  from  a 
model  of  the  upper  estuary  of  the  Mersey.  The  subject  was 
Mmsidered  of  sufficient  importance  to  warrant  the  appointment 
A  a  committee  to  continue  the  investigations,  and  a  gi'ant  from 
the  hmda  of  the  Association  to  pay  the  cost  of  the  apparatus 
ud  the  ser^'iccs  of  an  attendant.  In  concert  with  this 
XHnmittee,  consisting  of  Sir  J.  N,  Douglas,  Professor  W,  C. 
D"nwin.  Professor  Osborne  Reynolds,  Messrs.  W.  Topley. 
E.  Leader  Williams,  W.  Shelford,  G.  F.  Deacon,  H.  R.  Hunt. 
iV.  H.  Wheeler,  and  W,  Anderson,  Professor  Osborne  Reynolds 
lad  two  tanks  fixed  at  Owens  College,  Manchester,  which  were 
n  operation  for  a  period  of  nearly  two  yeai-s.  One  of  these 
banks  was  only  half  the  size  of  the  other,  but  in  other  respects 
was  worked  in  the  same  manner.  The  object  of  having  tanks 
of  different  sizes  was  to  ascertain  whether  the  size  of  the  model 
and  the  variation  in  the  horizontal  and  vertical  scales  affected 
the  results  attained. 

Subsequently  Mr.  Vemon  Harcourt  experimentalized  on  a 
model  of  the  estuary  of  the  Seine,  with  training  walls  carried 
m  different  directions  from  the  end  of  the  river  towards  the 
Bea,  the  results  of  which  he  communicated  in  a  paper  recorded  in 
the  Proccediiigs  of  the  Royal  Sociefy  in  ISMil.  The  same  estuary 
ires  also  placed  under  observation  in  a  model  prepared  at  the 
ixpense  of  the  French  Government,  under  the  direction  of  M. 
ISeiigin,  the  engineer  in  charge  of  the  river.  The  author  has 
tlso  had  the  opportunity  of  cairying  out  observations  and 
txperiments  in  a  tank  constructed  on  his  own  premises. 
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The  larger  tank  uaed  for  the  ezpecimentB  at  Ovens  Oolkgi 
was  11  feet  10^  inches  long,  S  feet  9|^  inches  wide,  and  9  iBflki 
deep.  To  this  tank  was  hinged  the  tide-generator,  whieh  vw 
the  same  width  as  the  tank,  and  S  feet  lOj^  inches  kng:  Hie 
tank  was  made  of  pine  boards  fiMtened  together  with  senwi; 
it  was  lined  with  calico  satnrated  with  marine  glue,  pot  dom 
vrith  hot  irons,  and  covered  vdth  a  coat  of  paraffin.  The  geunp 
tor  was  suspended  from  two  side  levers  supported  on  ea8t4ni 
knife-edges  resting  in  grooves.  The  joint  between  the  genenior 
and  the  tank  was  covered  with  indiarubber,  which  extended  op 
the  sides.  The  levers  were  balanced  with  weights.  The  fffnaat 
tor  was  actuated  by  a  water-moter,  supplied  with  traier  fins 
a  tank,  into  which  it  was  pumped  up  again  after  use.  D» 
consumption  of  water  was  about  one  gallon  to  100  xevolntifliia 
At  the  highest  speed,  two  tides  a  minute,  the  motor  made  200 
revolutions  a  minute,  requiring  13,000  gallons  to  keqp  it  goiiV 
three  days.  In  all  it  made  12^  million  revolutions.  To  prevest 
any  interference  with  the  operations  of  the  tank  the  top  mi 
covered  with  glass,  and  to  assist  in  malring  earveys  of  tin 
changes  of  the  sand  the  glass  was  divided  into  squares  by  blaek 
thread.  The  tank  was  covered  with  Calais  sand  and  with  Hnoi 
Bay  shell  sand,  about  30  bushels  being  required.  The  smaller 
tank  was  made  half  the  lineal  dimensions  of  the  one  described. 

The  tidal  period  adopted  for  the  model  was  calculated  from 
the  theory  of  wave  motions,  the  scale  of  velocity  being  made 
to  vary  as  the  square  roots  of  wave-heights,  and  the  velocities  in 
the  model  corresponding  to  those  in  the  actual  estuary  as  the 
square  root  of  the  vertical  scale. 

Let  H  =  vertical  scale  of  the  tank  (natural). 
L  =  horizontal  scale  of  the  tank  (natural^ 
P  =  natural  tidal  period. 
X  =  tidal  period  for  tank. 
X  =  VH  X  P 
L 
If  P  =  12  hrs.  25  min.  =  4.4.,100  sec. 
Then  X  =  -'H(H100) 

L 

Taking  a  30-feet  rise  of  tide,  and  a  vertical  scale  for  the 
model  of  15  feet  to  the  inch,  or  1  to  180,  giving  a  rise  of  tide  of 
9  inches,  and  a  horizontal  scale  of  3 J  inches  to  a  mile,  or  1  to 
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200;   then  the   tid&l   period   for   the   tank   would 
onds. 

V180X  44,100      „„..„„„ 


X  =  - 


18,200 


Li  the  model  of  the  Mersey,  the  outline  of  the  coast  was 
idelled  to  a  scale  of  1  inches  to  a  mile,  and  a  vertical  Bcale  of 
feet  to  an  inch.  The  high-tide  depth  was  made  equivalent  to 
feet  The  tide  period  was  42  seconds.  The  floor  of  the 
[uary  was  laid  quite  level.  After  running  a  certain  number  of 
les  the  aand  was  again  levelled,  and  the  operation  repeated, 
iriy  similar  results  being  obtained  after  each  trial.  The  sand 
me  to  a  state  of  equilibrium  after  about  6000  tides.  The 
neral  results  were  as  follows ;  After  running  about  2000  tides 
8  sands  began  to  assume  a  definite  shape ;  the  circulation  at 
e  top  of  the  Hood  caused  a  general  rise  of  the  sand  on  the 
leshire  side  and  lowering  on  the  Lancashire,  after  which  the 
'0  sides  maintained  a  steady  condition  as  regards  depth, 
iring  this  time  banks  were  formed  and  low-tide  channels 
lich  resembled  in  all  the  principal  features  those  actually  in 
\  Mersey:  the  eastern  bank  with  the  deep  Sloyne  on  the 
eshire  side,  the  Devil's  Bank  and  the  Garston  Channel,  the 
eamere  Channel,  and  the  deep  water  in  Dungeon  Bay  and  at 
igle  Point, — all  were  very  marked  in  character  and  closely 
proximate  to  scale.  Subsequently  the  same  experiments  were 
■eated  with  similar  results  in  a  larger  model,  in  which  the 
ist-lines  were  produced  on  a  scale  of  6  inches  to  a  mile,  with  a 
rtical  scale  of  33  feet  to  the  inch.  The  tidal  period  of  this 
■del  was  80  seconds.  By  watching  the  motion  of  the  water 
1  the  currents  produced,  the  causes  of  all  these  features  could 
distinctly  traced  in  the  model 

In  the  tanks  at  Owens  College  no  actual  form  of  estuary  was 
tdelled.  The  main  object  was  to  ascertain  whether  the  opera- 
ns  were  affected  by  the  use  of  models  of  different  dimensions, 
le  sand  waa  therefore  levelled  over  the  rectangular  tank,  and 
a  effect  of  the  action  of  the  water  in  it  noted.  Experiments 
ire  also  made  with  a  V-shaped  estuary ;  with  an  estuary 
ving  a  river  with  long  tidal  run  at  its  head ;  and  with  a  river 
ving  a  flow  of  fresh  water. 
The  general  results  attained  may  be  summarized  as  follows : — 
The  sand  assumed  an  inclined  plane  descending  down  the 
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tank  in  a  steadily  diminishing  manDcr.     Tliero  wa^  a  cotutmt 
tendency  for  sand  to  work  down  into  the  generator- 

The  experiments  made  with  tidal  periods  varying  from  Itlto 
G.i  seconds,  gave  the  same  results  as  regards  the  formation  of  (Ik 
sand. 

The  firit  result  of  the  tide  was  always  to  dispose  the  and  i 
a  continuous  slope,  gradaally  diminishing  from  high  water  to 
liepth  about  equal  to  the  tide  below  low  water. 

The  second  action,  to  groove  this  beach  into  banks  and  loi 
water  channels,  which  attained  certain  general  proportion 
Ripple  marks  were  then  formed,  the  distance  between  the  tofn 
of  the  largest  being  twelve  times  their  height,  which  waa  on 
fourth  the  rise  of  the  tide.  This  was  equal  to  7  or  s  f«l 
height,  and  80  to  100  feet  apart. 

The  rippling  of  the  sand  played  an  essential  part  in  deto 
mining  the  rate  at  which  the  distribution  of  the  sand  was  eifecteii, 
while  the  result  of  this  action  formetl  a  conspicuous  feature  in  tkc 
final  distribution.  These  ripples  were  almost  confined  to  tht 
surface  of  the  sand  below  low  water,  and  very  much  enlitinm) 
the  effect  of  the  water  to  shift  the  sand ;  they  also  served  ta 
show  by  their  shape  in  which  way  any  shift  of  the  sand 
taking  place,  having  alwaj's,  when  the  sand  was  moving,  UM 
steep  and  one  flat  slo|>e.  When  the  slopes  were  equal  it 
an  indication  that  e(|uiiibrium  had  been  attained. 

In  the  estuaries  having  a  rectangular  form,  where  the  sud 
was  spread  evenly  over  the  whole  surface,  after  a  certain  number 
of  tides  there  were  always  three  or  more  low-water  channeU. 
wherea.s  in  the  V-shaped  estuary  the  tendency  was  to  form  out 
main  low-water  channel,  generally  down  the  centre  of  tlt» 
estuary  ;  but  if  the  low- water  channel  went  down  one  side  of  tie 
estuary,  then  at  the  lower  end  there  was  on  the  other  side  a 
second  channel  starting  at  some  distance  ilown  the  estuary. 
In  the  experiments  where  the  water  was  allowed  to  r 
a  long  tidal  river,  decreasing  in  width  upwards,  and  dt 
into  a  V-shaped  estuary,  the  time  occupied  by  the  tide  in  _  _^^ 
up  the  river  and  returning  caused  the  water  to  run  dowaf 
estuary  while  the  tide  was  low,  and  necessitated  a  certain  d^l 
of  water  at  low  water,  which  caused  the  channel  to  be 
deeper  at  the  head  of  the  estuary. 

The  effect  of  admitting  water  into  the  upper  part  of  therini 
showed  that  the  stream  of  land  water  running  down  the 
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|u>ugh  always  carrying  sand  down,  did  not  tend  to  deepen  the 
ituumel  in  the  estuary,  since  at  every  point  it  brought  as  much 
iftnd  as  it  carried  away.  The  principal  effect  of  the  land  water 
that,  running  in  narrow  channels  at  low  water,  jt  continually 
voded  the  concave  side,  keeping  the  banks  low,  and  preventing 
ihe  occurrence  of  fixed  banks  and  channels.  The  effect  of  land 
rater  in  keeping  oi>en  the  upper  and  contracted  portions  of  the 
iluuinel  was  wt;ll  shown  by  the  model. 

The  model  used  by  tlie  author,  shown  in  Fig.  ijl,  was  con- 


Elevation. 

Fia.  •!.— WotWng  Itdil  model. 

tmcted  very  much  on  the  same  lines  as  that  already  described. 
^vas  7  feet  3  inches  long  by  t!  feet  wide,  and  G  inches  deep, 
fhe  generator  was  the  same  width  as  the  tank,  and  'A  feet  long, 
le  bottom  was  first  painted,  then  covered  with  calico  wliiJe  the 
lunt  was  wet.  TTie  generator  was  balanced  by  two  weights  of 
iron  weighing  W,  cwt.  each ;  they  were  connected  to  the 
ixtOB  of  the  generator  by  means  of  a  set  of  differential  levers,  so 
kttutructed  that  the  generator  was  in  a  state  of  etiuilibrium  at 
Ul  states  of  the  tide.     The  machinery  for  actuating  the  generator 
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It.  Kinipple,  from  experiments  made  with  a  working  tidal 
tl,  has  expressed  the  opinion  that  trustworthy  results  can  be 
jied  from  these  small  roproductiona  of  estuaries,  and  the 
>  of  training  banks  and  groynes  be  watched  with  profit, 
model  he  used  differed  from  those  already  described,  as  being 

smaller  scale  and  worked  by  clockwork.  It  wa.s  also  pro- 
3  with  a  glass  bottom,  tlie  light  being  placed  beneath  the 
9I  in  a  darkened  room,  by  which  means  the  motion  of  the 
ieles  of  sand  could  be  distinctly  seen. 

Che  results  obtained  by  piers,  training  walls,  groynes,  or  from 
3aures  in  models  of  this  description,  are  not  to  be  taken  as 
hie  guides  for  carrying  out  works  in  an  open  estuary.     Thej- 

however,  valuable  aids  as  indicating  results  that  may 
r,  and  as  afibrding  suggestions  which  can  bo  followed  up  and 
etigated.  B3-  altering  the  conditions  of  a  model  estuary  by 
ling  walls  in  one  particular  part,  results  may  ensue  in  other 
8  that  had  not  been  anticipated,  but  which,  on  carefully 
ehing  the  flow  of  the  water  and  the  movement  of  the  sand, 
be  traced  to  such  causes  as  would  prevail  in  an  estuary  under 
Jar  conditions.  There  is  always  an  element  of  uncertainty 
»  the  result  of  works  carried  out  for  the  improvement  of 
Ai'ies,  and  by  tlie  aid  thus  afforded  mistakes  may  be  avoided 

waste  of  money  prevented. 

rhe  reports  referred  to  in  this  chapter  are,  "On  Certain 
fS  relating  to  the  Regime  of  Rivers  and  Estuaries,  and  on 

Possibility  of  Experiments  on  a  Small  Scale,"  by  Professor 
ome  Reynolds,  British  Association  Report,  18S7 ;  Report  of 

Committee  appointed  to  investigate  the  Action  of  Waves 
Cun-ents  on  the  Beds  and  Fore-shores  of  Estuaries  by 
ms  of  Working  Models,  British  Association  Report,  1880 ; 
md  Report  of  the  same  Committee,  1890;  "  The  Principle  of 
ining  Rivers  through  Tidal  Estuaries,  as  illustrated  by 
estigations  into  the  Methods  of  improving  the  Navigation 
jinels  of  the  Estuary  of  the  Seine,"  by  L.  F,  Vernon 
"court,  Ptoc.  Royal  Sociely,  18811. 
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Urn  Ofk  alBxds  a  mm  ■■■■■lilili    kiiiiiii    of  Am  mdh 

irhirh  rin  If  rlnini  il  lij  ilii  ili  uliniiBi  iif  ■  ■— H  iiilil  iitt 
Tlfe«  Clvde  mtmDT  is  a  toj  inHgnifieiHfc  nrcs;  bemg  onlySB 
iniLw  kmg,  aiid  dmining  MS  iqpaie  auln.    Ib  its  ongiml  state 
it  WM  fordaUe  12  mOn  bdov  fllin^iiB  m  aoniMn;  and  tti 
dMumel  genenllj'  was  so  shaDoar  and  cneaadwred  with  dioik 
tbat  Ifitfgcs  dimwing  fivm  3  to  4  feet  could  ontj-  roadi  Glaqpv 
on  the  top  of  a  spring  tidcL    Etoi  after  aooie  of  the  wotai  ahodi 
had  bcsen  removed,  the  fint  sUiamfr  tliai  naTigatod  the  lifo; 
althoogh  drawing  only  four  leet»  eonld  not  leave  Glaagow  nntS 
high  water,  and  even  then  she  frequently  ran  agioond,  and  the 
fiftAHen^fers  liad  either  to  wiut  for  the  next  tide  or  wade  ashore 
Now  the  steamers  plying  on  the  river  convey  nearly  t\  million 
paAH#;n;;erH  in  a  year. 

The  number  of  »hips  on  the  Begister,  at  Gla^ow,  in  1810  wis 
24,  of  a  Uital  tonnage  of  1956  tons,  and  an  average  tonnage  ot 
H2.  Tlie  increase  since  then  has  been  fairly  gradual,  till  in  1891 
the  numlK:r  was  1576,  representing  1,316,809  tons,  in  addition 
to  'Wd  at  Greenock  of  240,100  tons ;  the  average  tonnage  being 
815,  and  11)  of  the  vessels  being  above  3000  tons.  The  nomber 
(if  vtf;MH<;lM  enU.'ring  the  port  from  foreign  countries  and  coast-wise 
in  I  HOI  was — 


OlaHgow 


Vefsela. 

9,075 

7,977 

Total     ...       17,052 


Toanage. 
2,711,697 
1.605,559 

4,317,256 


3004 
201-2 


About  a  century  ago  Glasgow  was  a  small  city  containing 
only  about  .^5,000  inbabitants.  The  population  now  is  the 
liir;^'n.sl  in  Vmmi  Britain  next  to  London,  amounting  with  the 
huburbs  to  about  three- (juarters  of  a  million. 
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The  Clyile  may  be  considered  as  the  birthplace  of  the  Bteam- 
ip.  steam  navigation  having  been  proved  as  practically  and 
xnmercially  possible  by  the  construction  of  the  Comet  in  1812, 
h,ich  ran  on  the  river  regularly  Iietween  Glasgow  and  Greenock, 
.e  ClwHolte  Dandas  having  been  run  on  the  Forth  and  Clyde 
Mial  ten  years  previously.  From  these  small  beginnings  the 
lyde  has  become  the  gi-eatest  centre  of  steamship  building  in 
le  world,  there  being  about  40  shipbuilding  yards  situate  on 
lie  bank  of  the  river,  and  the  quantity  of  shipping  built  being 
greater  than  at  any  other  port  in  Great  Britain,  and  as  great  as 
he  Tyne,  the  Thames,  and  the  Mersey  put  together.  On 
iie  Clyde  have  been  built  some  of  the  largest  passenger-steamers 
doat,  including  the  Umbriu,  the  Etnii-ia,  the  Pat'ie  and  the 
law  York,  the  LuclluUl,  and  the  Campania. 

The  Clyde  is  also  the  chief  seat  of  the  construction  of 
redging-plant,  such  well-known  works  as  those  of  Messrs. 
leming  and  Ferguson,  Messrs.  Symon  and  Co.,  and  Messrs. 
obnitz,  being  situated  in  the  neighbourhood  of  this  river. 

The  tonnage  of  shipping  constructed  on  the  Clyde  averaged 
27,868  tons  during  the  thren  years  1890-92. 

The  first  attempt  tt>  improve  the  river  was  made  by  the 
habitants  in  1566,  by  opening  out  a  sandliank  at  Dumbuck, 
x>ve  Dumbarton  (Fig.  62),  at  which  they  laboured  for  several 
eeks,  residing  during  the  time  in  temporary  huts  built  on  the 
ver-banks.  About  a  hundred  years  later  the  magistrates  of 
laBgow,  who  then  had  chai-ge  of  the  river,  deeming  it  not 
[Msible  to  get  vessels  up  to  Glasgow,  determined  on  making 
revision  for  them  at  the  lower  end  of  the  river,  and,  after  being 
ifused  assistance  from  the  authorities  of  Dumbarton  on  the 
round  that  the  bringing  of  vessels  there,  "  owing  to  the  great 
liux  of  mariners  and  others,  would  raise  the  piice  of  provisions 
)the  inhabitants,"  finally  purchased  13  acres  of  land  further 
own  on  the  south  aide  of  the  river,  where  they  built  a  harbour 
nd  the  first  graving  dock  in  Scotland,  and  established  the  town 
f  Port  Glasgow.  After  all  this  had  been  done  there  remained, 
owever,  a  strong  desire  to  get  vessels  up  to  Glasgow  if  possible. 

In  1755  Smeaton  was  consulted ;  thirteen  years  afterwards, 
,  Golbome  of  Chester;  and  three  years  later,  James  Watt. 
Vom  Smeaton's  reports,  it  appears  that  at  the  western  boundary 
f  the  present  liarbour  there  was  then  only  1  foot  3  inches  at  low 
«ter,  and  3  feet  8  inches  at  high  water ;  and  for  several  miles 
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Snnt  the  river  the  depth  did  not  exceed  18  inches  at  low  water, 
nd  barely  reached  4  foet  at  high  water.  Vessels  coming 
rith  cai^oes  for  Glasgow  had  to  discharge  into  barges  at  Port 
Hssgow,  as  boats  drawing  more  than  3  feet  could  not  reach 
»city. 

Smeaton,  in  his  report,  advised  that  the  upper  portion  of  the 
per  should  be  canalized,  and  the  tide  excluded  by  means  of  a 
jn  and  lock  at  Afartln  Ford,  4  miles  below  Glasgow ;  the 
^  to  be  IS  feet  in  the  clear,  and  to  take  in  a  vessel  70  feet 
Bg  or  of  100  tons,  when  there  was  water  in  the  river  to  admit  it. 
,  1759  an  Act  was  obtained  for  power  to  construct  this  dam, 
<1  to  cleanse,  scour,  straighten,  enlarge,  and  improve  the  river 
un  Dumbuck  Ford  to  Glasgow,  a  distance  of  12  miles. 

Fortunately  for  Glasgow,  before  these  works  were  carried 
t  the  magistrattss  had  obtained  further  advice. 

To  Golborne  may  be  ascribed  the  first  real  attempt  at  the 
stematic  improvement  of  the  Clyde.  He  convinced  the 
a^trates  that  the  river  would  be  improved  by  contracting 
e  channel  by  rubble  jetties,  and  deepening  the  shoals  by 
aughing  and  breaking  them  up.  The  former  Act  was  there- 
re  amended  by  a  second  obtained  in  1770,  in  which  it  was 
fcted  that  it  was  intended  to  obtain  7  feet  of  water  up  to 
.asgow  at  high  water  of  neap  tides.  Golbome,  in  his  report, 
scribes  the  principle  on  which  he  intended  to  deal  with  the 
^er  as  follows :  "  The  river  Clyde  is  at  present  in  a  state  of 
.ture,  and  for  want  of  due  attention  has  been  allowed  to 
rpand  too  much,  and  lias  gained  in  breadth  what  is  wanting  in 
ipth.  I  shall  proceed  on  the  principle  of  assisting  Nature  when 
,«  cannot  do  her  own  work,  by  removing  the  stones  and  hard 
»vel  from  the  bottom  of  the  river  where  it  is  shallow,  and 
r  contracting  the  channel  where  it  is  now  too  wide.  By 
lese  means,  easy  and  simple  in  themselves,  without  laying 
restraint  on  Nature,  I  humbly  conceive  that  the  river  Clyde 
ay  be  deepened  so  as  to  have  4  feet  or  perhaps  5  feet  up  to  the 
coomielaw  at  low  water." 

For  the  purpose  of  deepening  the  river,  ordinary  ploughs 
rawn  by  horses  were  used  to  loosen  the  sandbeds  which  dried 
-.  tow  water;  and  for  the  shoals  covered  with  water  a  specially 
lade  plough  and  harrows  were  used,  worked  by  hand-capstans 
laced  on  the  river-bank,  the  material  thus  loosened  being 
Lrried  away  by  the  ebb  current 
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The  wide  parts  of  the  channel  were  contracted  by  stone  jetbi 
carried  out  from  the  shore,  upwards  of  200,  yarying  in  \ssoi^ 
from  50  to  550  feet^  being  placed  between  Olasgow  bridge  aud 
Bowling.  The  works  earned  out  by  Gdbome,  ai  a  cost  of 
£2300,  resulted  in  a  general  deepening  of  the  bed  of  the  rim. 
and  an  increase  of  tidal  propa^tion,  the  depth  of  water  al 
Dumbuck  shoal  being  increased,  over  a  width  of  SOO  feet^  fnon 
1  foot  to  6  feet  at  low  water. 

The  magistrates  were  so  satisfied  with  the  improvementi 
made  by  Golbome  that  thirteen  years  later  he  was  again  calkd  ia 
and  asked  to  advise  as  to  the  deepening  of  the  channd  iqp  to 
Broomielaw.  On  making  a  fresh  survey  of  the  river,  he  fcnii 
that  the  contraction  of  the  channel  by  his  jetties  had  resulted  ia 
further  deepening,  and  that  the  shoal  at  Dumbnek  Foid  hri 
then  14  feet,  and  in  other  parts  of  the  channel  tiieie  was  ai 
much  as  20  feet  He  therefcNre  advised  a  eontinnanee  of  tb 
same  course  as  had  previously  been  carried  out.  The  renft 
following  the  carrying  out  of  this  advice  was  so  aatJshctory  ttit 
the  merchants  and  Town  Coundl  of  GDasgow,  in  1775,  ptawnfai 
him  with  a  silver  cup  and  £1500,  and  at  the  same  time  pn- 
sented  his  son,  who  had  assisted  him  in  the  work,  with  £100. 

Golbome  was  followed  as  engineer  by  John  Rennie.  In  % 
survey  made  of  the  river  in  1799,  he  found  that  the  spaces 
behind  the  transverse  jetties,  which  had  been  put  in  under 
Qolbome's  direction,  had  warped  up  to  a  very  consideraUe 
extent.  He  advised  that  these  jetties  should  be  further  extended 
so  as  to  bring  the  channel  to  a  more  uniform  width,  and  when 
this  was  done  and  the  land  at  the  back  warped  up  sufficiently, 
their  ends  should  be  joined  by  low  rubble  training  walls  running 
parallel  with  the  river. 

The  width  of  the  channel  as  set  out  under  Rennie*s  direetioD 
had  afterwards,  owing  to  the  increase  of  the  shipping,  to  be 
considerably  increased  The  land  which  had  accreted  behind 
the  training  walls  was  claimed  by  the  riparian  proprietors,  and 
when  it  became  necessary  to  widen  the  river,  the  Clyde  trustees 
had  to  pay  for  the  land  which  had  thus  been  made  by  their 
works. 

The  following  were  the  widths  at  low  water  of  the  river  a* 
laid  out  by  Rennie,  and  as  they  are  at  the  present  time : — 
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In  the  hrnbonr      ...           ...           ...  135  ...  450 

Biver  Kelvin          ...            ...            ...  ISO  ...  S70 

Henfnew  Ferry       ...            ...            ...  230  ...  «0 

BivaiCart              280  ...  500 

PTortli  and  Cl;da  Canal        ...            ...  140  ...  990 

^skiDe  Ferry      504  ...  eOO 

imborton  Cwlb                ...            ...  696  ...  1000 

The  width  before  the  training  walla  were  put  in  was  800  feet 
ear  the  river  Cart 

Telford  was  aubsequently  consulted,  and  in  1806  he  reported 
pproving  the  construction  of  the  parallel  training  walls  begun 
Uder  the  advice  of  Rennie,  and  advised  that  further  works  of 
aprovement  should  be  directed  with  the  object  of  leading  or 
ringing  up  a  greater  quantity  of  tidal  water.  He  mentions  in 
Ls  report,  as  an  instance  of  the  improvement  which  had  already 
tsnlted  from  the  training  and  deepening,  that  a  vessel  of  120 
WIS,  drawing  8  feet  6  inches  of  water,  had  been  able  to  get  up 
\  Glasgow  on  an  ordinary  spring  tide.  Under  his  advice,  a 
»wing*path  between  Glasgow  and  Renfrew  was  made,  having  a 
idth  of  20  feet. 

In  1825  the  jurisdiction  of  the  tnisteea  was  extended  to  Port 
llasgow,  and  the  constitution  of  the  Trust  extended.  In  1858  a 
^naolidation  Act  was  obtained,  by  which  the  Trust  as  now 
>Dstituted  was  formed.  Tlie  number  of  trustees  consists  of 
wenty-five,  and  includes  the  Lord  Provost  and  nine  members 
r  the  Town  CouncU  of  Glasgow,  the  others  being  chosen  by 
le  various  bodies  interested  in  the  shipping  and  commerce  of 
He  river. 

In  1835  Rennie  wa-s  succeeded  by  James  Walker  as  engineer 
>  the  Trust.  A  report  presented  by  him  shows  that  the  depth 
E  low  water  in  the  harbour  at  that  time  was  from  7  to  8  feet, 
nd  15  feet  high  water  of  spring  tides,  the  time  of  high  water 
aving  been  accelerated  1^  hours  by  the  improvements  already 
uried  out. 

In  1839  the  Trust  obtained  further  powers  from  Parliament, 
•y  carry  out  improvements  on  the  lines  laid  down  by  Mr.  Walker, 
nd  these  have  not  since  been  materially  departed  from. 

Owing  to  the  deepening  of  the  channel  from  the  works  of 
xiprovement  carried  out  at  the  end  of  the  last  century,  the  bed 
;i  river  became  so  lowered  as  to  endanger  the  foundations 
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dt  Gkmgpw  hMg^  To  pnfvtni  tlus  a  war  was  baitt  acran  the 
riTer  in  1778,  the  CECflk  Iwiiig  afc  liie  lerdi  of  «b»  odgai^ 
iht  lircT*  For  iht  pvipooo  of  imiiiufiaig  Ao  korixRir,  iUs  vv 
was  mbaecjiMnlijr  lonufod ;  Int^  ia  oidar  to  aoU  xof  HbB  witv 
in  the  lirer  for  the  an  of  flio  wafterwQKk%  wlioae  aiQlilf  v« 
then  taken  out  of  it  at  a  plaee  ahoafc  2  milea  hlg^ber  ap,aaoi]Nr 
weir  waa  erected  in  1841,  SOO  yacda  hi^hv  op^  at  Slockad 
bridge.  Spring  tides  flowed  orer  the  creak  of  tliia  weir  fioa 
3  to  4  feet  This  weir,  which  in  the  mean  time  had  i^gain  hm 
moved  higher  np  the  rirer,  waa  remoTod  ahoak  thirteen  yeiD 
ago,  and  the  tide  allowed  a  fiee  mn. 

Dredging  was  first  eonuneneed  in  the  rirer  in  1740^  tk 
mag^rates  expending  the  som  of  £100  in  pracnring  a  9tl^ 
bottomed  boat  for  removing  the  shin^  from  the  shoala^  a 
order  to  render  the  river  moie  aoitable  ftr  vcBBels  eonnog  19 
to  the  Broomiehiw. 

SabseqnenUy  a  machine  was  nsedfor  loosening  the  matenl 
called  a  ''porcupine  plough,"  which  was  5  leak  long,  S|  M 
wide,  and  1  foot  4  inches  deep.  This  was  dragged  badcwaidi 
and  forwards  over  the  shoals  by  chains  leading  from  a  baqp 
moored  in  the  river  to  the  shore,  and  moved  by  men  woridif 
capstans  fixed  on  the  barge.  The  sand  and  shingle  were  drawn 
to  the  shore  by  the  plough,  and  removed  by  hand-labour  at  low 
water.  Afterwards  harrows  were  used,  drawn  by  a  steamboat 
over  the  shoals  when  freshets  were  running,  the  material  being 
left  to  be  carried  away  by  the  stream. 

In  1824  the  first  steam-dredger  was  employed.  The  plant 
now  consists  of  one  twin-screw  ladder  dredger,  recently  added 
to  the  fleet,  200  feet  long,  37  feet  beam,  and  capable  of  raisio^ 
600  tons  an  hour  in  40-feet  depth  of  water ;  and  four  twin-screw 
hopper  barges  of  1000  tons  capacity.  The  older  plant  consists 
of  5  ladder  bucket  dredgers,  18  steam  hopper  barges,  plant  fcr 
diving  and  lifting  heavy  stones,  and  several  tugs  and  otlier 
craft. 

The  total  quantity  of  material  removed  between  1844  and 
1890  was  35 j^  million  cubic  yards.  The  quantity  annually  le- 
niovod  in  recent  years  has  been  about  a  million  cubic  yards  from 
the  river,  bosidos  about  half  a  million  from  the  new  Cessnoek 
Dock,  the  total  quantity  to  be  removed  from  this  dock  and  its 

'niachos  by  dredging  being  4^  million  cubic  yards. 

the  total  quantity  removed  from  the  river  in  recent  years, 
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»iit  half  has  been  due  to  the  matter  deposited  in  the  river 
Dm  the  sewers  of  Glasgow,  and  the  mud  washed  in  from  the 
[iper  river.  During  tlio  year  1891  it  was  calculated  that 
W.OOO  cubic  yards  was  deposited  matter.  The  remainder  has 
wn  due  to  the  deepening  of  the  channel  over  the  slioal  places. 

The  material  taken  from  the  river  was  in  the  early  days 
eposited  in  the  shoal  places  at  the  aides.  A  large  area  of  land 
ru  thus  raised  and  made  available  for  cultivation.  Since  1862 
he  dredgings  have  beeo  deposited  in  Loch  Long,  27  miles  from 
}lasgow.  Objection  having  been  made  to  the  continuance  of 
Ilia  by  residents  on  the  banks  of  the  loch,  the  dredginga  from 
]ie  channel  of  the  river  will  in  future  have  to  Ije  carried  to 
•  place  of  deposit  at  a  greater  distance. 

A  great  quantity  ol"  boulders,  some  of  large  size,  have  been 
amoved  from  the  bed  of  the  river  by  means  of  the  diving-bell 
id  by  cranes  fixed  on  a  barge  constructed  for  the  purpose.  A 
dge  of  whinstonc  which  stretched  across  the  river  at  Elderslie, 
hich  was  OOO  feet  long  by  300  feet  wide,  has  been  cleared  away 
r  blasting  witli  dynamite  by  the  aid  of  the  diving-bell.  The 
et  of  the  removal  of  this  ridge  was  ^70,000.  The  depth  over 
le  site  of  the  i-idge  at  low  water  is  now  20  leet. 

In  the  lofl'er  part  of  the  river  Clyde,  below  Newark  CaBtle, 
hich  is  under  the  jurisdiction  of  the  Clyde  Lighthouse  Trustees, 
here  the  nding  depth  in  1880  varied  from  12  to  14  feet,  a 
lannel  492  feet  wide  at  the  bottom  and  600  feet  at  the  top  has 
>en  dredged  to  a  depth  of  18  feet  and  23  feet  up  to  the  James 
'att  Dock.  The  curves  at  Garvel  and  Cartsdyke  Bay  have 
sen  eased  from  a  ra<]ius  of  3400  feet  and  1850  feet  respectively 

4300  and  3700  feet.  Dredging  is  still  going  on,  about  half 
million  tons  being  removed  annually. 

In  1867  the  Kingston  Dock,  having  0^  acres,  was  opened  ;  in 
182.  the  Queen's  or  Stobcross  Dock,  having  34  acres ;  and 
ortly  the  Cessnock  Dock,  having  38  acres,  will  l>e  opened, 
lis  does  not,  however,  represent  the  accommodation  given  for 
ipping.  Owing  to  the  small  rise  of  tide  and  the  depth  of 
e  channel  at  low  water,  both  sides  of  the  river  in  the  harbour 
ford  quay-room  for  vessels  of  large  tonnage,  the  quays  estend- 
g  for  a  length  of  upwards  of  six  miles,  and  the  water-area 
Qounting  to  160  acres.  The  Queen's  Dock  is  not  provided  with 
ites,  being  open  to  the  river,  and  the  water  in  it  rising  and 
tling  with  the  tides. 
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The  first  dock  at  Greenock  was  opened  in  1710. 
\'ietoria  harbour  was  completed  in  1850,  at  a  coat  of  £1S0J10| 
and  the  Albert  harbour  in  1862,  at  a  cost  of  £250,000.  ~ 
Jamea  Watt  Dock,  which  is  2000  feet  long.  300  feet  wiJo, 
an  entrance  75  feet  wide  and  a  depth  at  low  wat«r  of  32  fa^ 
was  opened  in  1885,  the  cost  being  £350,000. 

The  Clyde  is  connected  with  the  Frith  of  Forth  on  th«  Ei 
Coast  by  means  of  the  Forth  and  Clyde  Canal,  constructol 
1790.  Its  length  is  35  miles.  It  has  20  locks  74  feet  loog 
20  feet  wide,  which  admit  vessels  of  8J  feet  draft. 

The  works  as  recommended  by  Mr.  Walker  were  coni 
under  the   direction   of  Mr.  Bold,  the    resident   engineer, 
subsequently  by  Mr.  Brenner  and  Mr.  Ure.     In  1869  Mr,  Ji 
Deas  was  appointed  engineer  to  the  trust     The  extentdve 
proveraenta  which  have  been  carried  out  in  recent  yean  hai 
been  executed  under  his  direction  by  the  staff  of  the  ~ 
without  the  aid  of  contractors. 

The  effect  of  the  improvements  has  Ijeen  to  depress  the  \e 
of  low  water  at  Gla.sgow  8  feet,  and  to  increase  the  depth 
water  at  spring  tides  from  3  feet  in  1755  to  15  feet  in  18 
19  feet  in  1850,  22  feet  in  1870,  and  30  feet  at  the  present  til 
The  depth  at  low  wat«r  has  been  increased  from 
and  the  ruling  depth  l>etween  Glasgow  and  Port  01 
may  now  be  taken  as  20  feet  at  low  water.     It  is 

to  still  further  deepen  the  channel  by  removing  the  e;        

shoals,  and  so  bringing  the  bottom  to  a  uniform  level  through 
out.  The  level  of  high  water  has  been  raisetl  10  inches 
Glasgow,  and  the  time  of  high  water  has  been  advanced  tlu 
hours  since  the  beginning  of  the  present  century,  and  thra* 
quarters  of  an  hour  since  1835.  The  size  of  vessels  which 
navigate  the  river  has  Iwen  increased  from  30  to  over 
tons.  The  income  of  the  Truat  has  risen  from  £08,875  in  1851 
to  £354,608  for  the  year  1891. 

In  one  respect  the  Clyde  retlecta  no  credit  on  the  Trustees  a 
on  the  Sanitary  Authority  of  Glasgow,  The  bright  pure  Wittr 
that  is  sent  down  the  stream  from  its  source,  and  the  clean  lidal 
water  that  comes  up  through  the  loch  from  the  sea,  is  polluted 
by  the  sewage  of  the  vast  population  that  resides  on  the  banlu 
of  the  river  and  its  tributaries.  Considering  the  enomou 
traihc  that  is  continuously  engaged  on  the  river,  and  the  im- 
mense wealth  represented  by  the  shipping  luid  its  attenilut 


induBtries,  it  ia  ditGcult  to  realize  the  fact  that  this  trafUc  has  to 
"be  eonJucted  along  a  channel  that  is  scarcely  in  a  better  con- 
ilition  than  an  open  sewer,  or  that  the  Trustees  should  have  to 
tfpend  a  sum  estimated  at  from  £10,000  tu  J:r2,000  a  year  in 
dredging  out  the  solid  refuse  that  is  discharged  into  the  liver. 
At  all  times  this  sewage  oscillator  backwaixis  and  forwards  with 
tile  tides ;  but  in  summer,  when  the  <juantity  of  fresh  water 
eoming  down  is  small,  its  progress  seawards  is  very  slow,  and 
the  pollution  becomes  greater  day  by  day.  From  experiments 
made  with  Hoats  at  different  periods,  it  was  shown  that,  with 
B  moderate  amount  of  fresh  water  coming  down,  these  floats 
oscillated  over  a  length  of  about  12  miles  from  Glasgow  down- 
wards, the  advance  being  about  2i2  miles  in  a  tide ;  and  that 
Mwage  poured  in  at  Glasgow  did  not  reach  Govan,  2^  miles,  in 
less  than  a  week,  or  the  mouth  of  the  Cart  in  less  than  a  fort- 
night, and  that  it  would  take  more  than  a  month  for  it  to  get 
as  &r  as  Dumbaiion,  While  the  lighter  matters  held  in  suspen- 
(don  are  thus  oscillating  backwards  and  forwards,  the  detritus 
and  heavy  refuse  which  settles  on  the  bed  of  the  channel  has 
to  be  removed  by  ib-edging.  More  than  twenty  years  ago  the 
(Jcaninissioners  appointed  to  inquire  into  the  pollution  of  rivers, 
reported  that  nowhere  had  they  found  so  great  a  contrast  as 
existed  between  the  unpolluted  water  which  came  down  the 
Clyde,  one  of  the  most  beautiful  rivers  in  Scotland,  and  the 
"foul  and  stinking  Hood"  to  which  it  changed  in  the  lower 
part  of  its  course,  and  that  within  the  space  of  a  few  miles 
the  subject  of  river-pollution  was  exhibited  in  almost  all  its 
tbrniB,  and  might  be  witnessed  in  eveiy  degree  of  intensity. 

Report  and  Evidence  of  the  Tidal  Harbour  Commissioners, 
|384(j  and  1S47.  "  The  River  Clyde,"  by  James  Deas,  Proc.  Inst. 
fJ.JS.,  voL  xxxvi.  Pollock's  "  Dictionary  of  the  Clyde  "  (Glasgow, 
Ibaii).  Reports  of  J.  Smeaton,  1755;  J,  Golborne,  1768,  1781 ; 
J.  Watt,  1760;  J.  Recnie,  1799.  1807,  1809;  T.  Telford,  1806; 
D.  Logan,  1835;  J.  Walker,  183«;  J.  Seott-RusseU  on  "The 
Tidal  Wave  of  the  Clyde,"  1838;  W.  Bald,  1830,  1844.  Rivers 
Pollution  Commission,  Fourth  Report  (Scotland,  IS72). 

The  Tyne. — The  conditions  under  which  the  improvements  in 
tiua  river  have  Ijeen  caiTied  out  differ  from  those  of  the  Clyde 
&nd  the  Tees,  In  the  latter  rivers  the  gradual  improvement  of 
the  tidal  navigation  may  be  said  to  have  developed  the  traffic, 
industries  which  aie  now  carried  on  along  their  course. 
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Tbe  iraproTement  works  of  the  Tyne  followed  the  tiei-eli^ 
ment  of  the  eoal  bade. 

Tbe  Tyoe  *a  a  navigable  river  was,  in  ite  natural  comlitirv, 
in  better  order  than  either  the  Clyde  or  the  Tees  ;  the  disUiua 
op  the  river  to  the  principal  town  was  only  about  10  miiea,  i 
ciHapared  with  40  miles  &om  the  sea  to  Glasgow,  and  13  la 
Stockton  The  Tyne  from  very  early  times  bad  been  the  clu«( 
port  of  export  for  coaL  Until  tbe  opening  out  of  the  railway 
system,  almost  Che  eutJre  supply  of  London  and  other  i*y*!M 
remote  from  coal  districts  was  convej'cd  from  the  Tyne  by 
lailiag  colliers  loaded  from  the  North  umber  land  coal-miDea 
So  early  at  1536  a  charter  had  been  granted  by  Henry  VIIL  to 
tbe  Trinity  House  of  Xewcastle-on-Tyne,  with  power  to  biuU 
two  light-towers  at  the  entrance  of  the  river,  and  levy  dues  oq 
the  shipping  for  their  maintenance. 

Until  the  middle  of  the  present  century,  the  river  seem* 
rather  to  have  been  regarded  by  the  Corporation  of  Newcastle^ 
which  formerly  had  charge  of  it,  as  a  means  of  producii^ 
revenue  for  town  purposes  rather  than  as  a  national  tnuti 
to  be  used  for  the  advantage  of  the  shipping  interest.  Tin 
improvements  carried  out  were  of  a  very  limited  character,  ai 
it  was  only  after  great  pre^ure  was  brought  to  bear  by  ti 
coal-owners  and  shipping  interest,  who  showed  conclusively  tl 
injury  that  was  resulting  to  the  whole  district  by  trade  beiii{ 
driven  to  other  places  where  modt-m  facilities  were  being  atfordei 
to  tbe  navigation,  that  the  management  of  the  river  was  tru 
terred  by  Parliament  to  a  new  conservancy  commission,  and  ti 
works  commenced  which  Iiave  given  the  Tyne  a  place  amongal 
the  tirst  ports  of  the  world.  These  works  alford  a  remarkaUl 
instance  of  that  spirit  of  enterprise  which  has  in  this  couati} 
induced  local  authorities,  without  any  aid  from  the  Oovemineii^ 
to  carry  out  works  of  national  importance.  The  raagniQcvnl 
harbour  of  refuge  which  now  provides  a  safe  haven  in  atom; 
weather  for  the  large  fleet  of  vessels  continually  navigatit^  tl 
dangerous  part  of  the  coast  has  been  originated  and  successfoU 
carried  out  by  the  Tyne  Conservancy  Commission,  by  fuoi 
provided  entirely  from  local  dues. 

The  Tyne  (Fig.  G3)  is  only  a  small  river,  118^  miles  in  lengtl 
and  draining  1142  square  miles.     It  is  tidal  for  about  19  mik 
In  its  natural  state  it  tiad  a  tortuous  channel,  generally  nai 
but  varying  considerably  in  width.     The  entrance  from  J 
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was  very  dangQious,  oBpecially  in  north-east  gales.  Tfae  d 
of  water  over  the  bar  was  only  C  feet  at  low  water  spnog  ti^ 
and  21  feet  at  high  water.  Even  after  the  improvementa  cmi 
out  by  the  Corporation,  vessels  drawing  from  17  to  18  feet,aJ 
being  loaded,  were  fretjuently  detained  for  several  weeka  dor 
the  continuance  of  north-easterly  gales.  The  largest  veMfa 
that  could  get  to  Newcastle  even  so  late  as  40  years  a^  dit 
not  draw  more  than  15  feet,  and  smaller  river  steamers  drairiil 
from  3  to  4  feet  frequently  grounded  on  the  shoals  at  low  « 

In  1S32,  Tyne  Main  Shoal  had  on  it  only  2  feet  at  low  w«l*r 
of  spring  tides,  and  13^  feet  at  high  water.  This  shoal  ni 
deepened  previous  to  ly42;  but  Hebbiirn  Shoal,  which  tlui, 
practically  governed  the  navigation  of  the  river,  had  on  it  only 
14J  feet  at  high  water  of  spring  tides ;  Wellington  Shoal  *  mil# 
lower  down  the  river,  15  feet;  and  Howdea  Shoal.  15J  feet  la 
1858  the  available  depth  over  the  shoalest  part  of  the  ritw 
had  been  increased  to  18  feet. 

All  this  has  been  changed  by  the  present  Commission.  Th( 
breakwaters  now  afford  a  safe  harbour  of  refuge  for  i 
navigating  this  part  of  the  coast,  upwards  of  500  vessels  bouoj 
for  other  ports  running  in  for  shelter  in  the  course  of  a  yeit 

In  Sliields  harbour,  for  a  space  of  about  1^  mile  in  len^ 
there  is  a  pool  30  feet  deep  at  low  water  o£  spring  tides,  when 
vessels  can  safely  moor.  There  is  now  20  feet  at  low  water  of 
spring  tides  over  the  bar,  and  vessels  can  leave  the  harbour  il 
-  any  time  that  it  is  safe  for  them  to  go  to  sea.  The  rivH 
between  Shields  and  Newcastle,  and  up  to  the  boundary  of  tha 
Commissioners'  jurisdiction,  has  been  deepened  by  dredging  a 
regulated  by  groynes  and  training  walls,  and  widened  in  pUca 
where  the  channel  was  obstructed,  by  the  removal  of  two 
million  tons  of  rock.  Where  formerly  there  was  only  3  feel 
there  is  now  20  feet  at  low  water  up  to  Newcastle,  and  18  left 
for  3  miles  further  up  the  river. 

In  1854  the  average  size  of  the  vessels  trading  to  the  poll 
was  149  tons.  In  1891  it  had  increased  to  480  tond,  ud 
steamers  of  3000  tons  can  be  navigated  along  the  river.  Shi|^ 
building — which  at  the  beginning  of  the  present  century  was  I 
considerable  industry,  47  vessels,  of  an  aggregate  tonnage  rf 
11000  tons,  having  been  huilt  on  the  Tyne  in  1800 — had  &11«' 
off  with  the  displacement  of  wood  and  sails  by  iron  and  s 
80  that  in  1850  only  seven  vesseb  were  built  of  a  gross  touugB 
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4500  tons.     Since  then  this  industry  had  gone  on  increasing. 

1892,  73  vessels  were  in  course  of  cooEtruction,  of  a  total 
145,472  tons. 

The  chief  trade  of  the  Tyne  is  the  export  of  coal  from  the 
oithnmberland  pits.  So  early  as  1325  there  is  a  record  of 
mU  being  exported.  In  1C50  the  export  amounted  to  345,550 
na.  In  1800  it  had  increasud  to  half  a  million  tona  At 
le  present  time  it  amounts  to  about  eleven  million  tons.  The 
ital  tonnage  of  the  Tyne  ports  is  only  second  to  London  and 
iverpool.  The  number  of  vessels  entering  in  1891  was  16,779, 
'  a  registered  tonnage  of  8,054,053,  the  average  size  being 
SO  tons. 

The  revenue  in  1891  was  £305.632.  The  present  debt  is 
i,193,879,  of  which  £750,000  is  for  the  piers. 

The  early  surveys  or  charts  of  the  Tyne  atford  very  little 
formation  as  to  its  condition,  or  as  to  any  record  of  attempted 
iprovements.  Collin's  chart,  made  in  the  reign  of  William  III., 
lows  21  feet  over  the  bar  at  high  water  spring  tide.  Fryer's 
BTvey,  made  for  the  Corporation  in  1782,  was  merely  a  guide 
the  navigation,  showing  the  available  depth  of  water  over  the 
loalest  places.  In  1813  a  complete  survey  of  the  river  was 
ftde  by  Mr.  Giles  for  Mr.  Ilennie  as  far  as  Newcastle ;  and 
iwve  this  up  to  Ryton  by  Mr.  Brookes  in  1849. 

In  1802   Mr.   Chapman   made  a  report  to  the  Corporation 

the  condition  of  the  river,  and  on  its  improvement. 

In   1813  a  report  was  made  by  Mr.  J.  Rennie,  who  advised 

I  regulation  of  the  channel  by  contracting  the  wide  parts  by 

ans  of  transverse  groynes,  in  the  same  manner  as  the  Clyde 
»d  been  treated,  and  the  M^idening  of  the  narrow  places,  so  as 
J  bring  the  river  throughout  to  a  more  uniform  width.  The 
rorks  recommended  by  Mr.  Rennie  were  partially  carried  out 
13  Mr.  Anderson,  the  resident  engineer  of  the  Corporation. 
Jooaiderable  opposition  was,  however,  raised  to  this  contraction 

the  river,  on  the  ground  that  it  would  result  in  the  abstrac- 
ioii  of  one-third  of  the  area  of  the  river  channel,  and  the 
Sdosion  of  a  large  amount  of  tidal  water,  the  scouring  effect 
if  which  would  be  lost  on  the  bar. 

In  1837  Mr.  Gubitt  was  consulted  by  the  Corporation,  and 
Wifirmed  the  recommendations  of  Mr.  Rennie,  but  further 
Idviaed  the  deepening  of  the  channel  by  dredging, 

la  1842  Mr,  W.  A.  Brookes  was  appointed  resident  engineer. 
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At  this  perioJ  the  amount  allotted  by  the  Corporation  for  rii 
works  waa  £5000  a  year,  out  of  which  provision  had  to  be  bm 
for  dredging  the  berths  at  the  public  quays.  Under  Mr.  BrwkM 
direction,  the  regulation  of  the  channel  as  originally  advis«tl 
Mr.  Reimie  was  proceeded  with.  The  groynes  were  coiutnM 
of  timber,  the  ends  being  aubsequently  joined  together  wl 
the  channel  had  been  brought  to  the  desired  width  by 
tudinal  training  waUs,  the  materials  for  which  wero  to  a 
extent  obtained  from  the  ballast  brought  by  vessels  coming  I 
the  Tyne  to  load  for  coals.  The  total  amount  spent  od  \ltk 
work  between  1843  and  laSO  was  £sO,000. 

The  whole  of  the  channel  between  Newcastle  and  ShieU 
had  been  thus  regulated  by  groynes  and  training  walls  in  1851, 
when  llr.  Brookes'  connection  with  the  river  terminated. 

In  1844  further  reports  were  made  on  the  river  hyMcJi 
Walker  and  Mr.  J.  Murray,  especially  with  reference  to  tlN 
effect  of  the  construction  of  the  transverse  groynes  which 
being  put  in.  Mr.  Brookes  had  advised  the  CorporstioD  tliil 
the  effect  of  the  contraction  would  result  in  such  increased 
as  would  give  the  necessary  depth  fur  the  navigation,  and  tint 
ships  drawing  17  feet  would  be  able  to  reach  Newcastle; 

Mr.  Brookes,  in  relying  on  the  scour  alone  to  deepen 
river,  proceeded  on  the  principle  "that  an  engineer  sbonll 
always  seek  to  make  the  natural  power  of  the  stream  do  Un 
work  of  deepening  the  channel,  and  should  use  water-powtr, 
which  costs  nothing,  in  preference  to  steam,  for  which  ttt 
employers  must  pay."  And  to  a  very  large  extent  the  nscBk 
justified  this  opinion,  as  evidence  was  given  before  the  Boyi 
Commission  which  sat  in  1S54,  that  2^  million  cubic  yards  •(■ 
material  had  been  removed  from  the  channel  by  scour. 

The  improvements  effected  in  the  river  do  not  appew  tt 
have  kept  pace  with  the  increasiug  necessities  of  the  navigstuA 
In  a  re^wrt  made  to  the  Admiralty  by  Captain  Washington  it 
1849,  the  depth  on  the  bar  was  given  Bs  being  then  0  feet,  tb) 
same  as  in  lbl3.  A  comparison  between  the  section  made 
Mr.  F.  Giles  iu  1813  with  that  made  by  Captain  Calver 
1849  showed  that,  whereas  a  vessel  drawing  15^  feet  could  t 
up  to  Newcastle  in  1813,  the  .same  ship  eonld  barely  pass  I 
shoals  at  Jarrow  Slake  and  Hepburn  in  1849, 

In  1850  the  Tyne  Conservancy  Act  was  passed,  the  rnanag*' 
raent  of  the  river  taken  out  of  the  hands  of  the  Corporation 
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placed  under  the  care  of  the  present  representative  Commission. 
During  the  Parliamentary  proceedings  previous  to  the  Con- 
lervancy  Act  being  obtained,  it  was  shown  that,  although  the 
Corporation  had  received  during  the  previous  40  years  £957,973 
bi  dues,  only  £397,719  had  been  expended  on  the  river. 

In  1850  power  was  obtained  from  Parliament  for  the  con- 
Btmciion  of  piers  at  the  mouth  of  the  Tyne.  In  1813  Mt. 
Bennie  had  proposed  the  construction  of  a  south  pier  on  the 
Herd  Sand.  To  this  objection  was  raised  on  the  ground  that 
during  nortli-easterly  gales  ships  would  be  liable  to  be  drifted 
on  it  by  both  wind  and  tide ;  and  that  a  pier  constructed 
ia  this  direction  would  conduct  the  seas  into  the  harbour.  In 
1845  Mr.  Brookes  had  advised  a  northeru  pier,  in  addition  to 
the  southern  pier  on  the  Herd  Sand,  with  an  opening  1400  feet 
vide.  Mr.  Reudel,  who  had  been  consulted  by  the  new  Com- 
Dission,  advised  the  construction  of  the  two  piers  northern  and 
louthem,  but  taking  rather  a  different  direction  to  those  pre- 
"iously  proposed,  with  the  object  of  keeping  the  pier  head  as 
aucb  as  possible  under  the  shelter  of  the  Tynemouth  headland. 

In  1852  the  Tyne  Improvement  Act  was  passed.  Mr.  James 
Valker  was  directed  to  hold  an  inquiry  as  to  the  designs  which 
kftd  been  submitted  by  Mr.  Rendel  and  Mr.  Brookes  for  the  piers, 
■nd  also  those  of  the  Admiralty  surveyors  and  the  nautical 
□en  of  the  port.  After  this  inquiry  was  held,  Mr.  Walker  was 
Inally  directed  to  proceed  with  the  work  on  lines  which  he  had 
Bid  down,  and  the  foundation  stone  of  the  new  north  pier  was 
aid  in  1S54.  The  north  pier  was  to  extend  out  700  yards,  and 
he  south  pier  1400  yards,  terminating  in  15, feet  at  low  water, 
md  leaving  a  space  of  1100  feet  between  the  pier-heads.  In 
1859  the  Royal  Commission  on  Harbours  reported  strongly  in 
avour  of  the  Tyne  as  a  harbour  of  refuge,  and  recommended 
ihat  a  grant  of  i;250,000  should  be  made  by  the  nation  towards 
;he  cost  of  extending  the  pier  to  a  greater  distance  than  the 
Dyne  commissioners  contemplated.  In  1859  further  powers 
were  obtained  Ijy  the  Tyne  Conservancy  for  extending  the  north 
sier  to  a  length  of  2900  feet,  terminating  in  30  feet  at  low 
rater,  and  the  south  pier  to  5400  feet,  still  leaving  the  opening 
1100  feet  as  before.  This  has  Iwen  carried  out  at  the  cost  of  the 
Trust,  no  grant  having  been  made  by  the  Government.  An 
attempt  was  at  first  made  to  let  the  work  by  contract,  but  it 
Eeund,  after  a  short  experience,  impossible  to  carry  out  work 
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of  such  difBcult  and  varying  character  satisfactorily  in  this  way. 
The  arrangement  with  Mr.  Lawton  was  terminated,  and  the  pien 
have  since  been  carried  out  by  the  engineering  staff  of  the 
Commission,  under  the  direction  of  Mr.  P.  J.  Messent. 

Considerable  divergence  of  opinion  existed,  not  only  amongst 
the  Commissioners,  but  amongst  the  engineers  consulted  by  tkem, 
as  to  the  methods  employed  for  improving  the  river. 

Mr.  Brookes  had  always  advised  that  the  required  depkh 
and  accommodation  for  the  navigation  could  be  obtained  by 
training  alone,  and  that  the  greater  effect  of  the  tidal  water 
when  passing  through  a  properly  regulated  channel  would 
compensate  for  any  loss  of  quantity  by  the  areas  taken  from  the 
river  in  the  wide  places.  On  the  other  hand,  it  was  contended 
that  the  abstraction  of  the  large  volume  of  tidal  water  caused 
by  the  filling  up  of  the  wide  places  in  the  river,  estimated  as 
amounting  to  1^  millions  of  cubic  yards,  of  which  the  river  had 
lieen  deprived  between  1813  and  1849,  must  ultimately  result 
in  the  shoaling  of  the  outfall,  although  it  was  admitted  it  had 
not  done  so  up  to  that  time ;  and,  further,  that  the  process  of 
improvement  ought  to  be  aided  by  dredging,  which  would  at 
once  give  greater  facilities  for  the  navigation,  and,  by  the 
incroaseil  area  obtaineil.  compensate  for  the  tidal  water  prevented 
from  outoring  the  river  by  the  training  works. 

Tho  divei'ixeuee  of  opinion  l^eoame  so  strong  that  it  paralyzed 
the  work  of  the  Cv>iumisi>ion.  and  was  ultimately  considered  of 
sutKoieiit  im^vrtance.  as  atlecting  the  navigation,  to  warrant  the 
appointment  of  a  Royal  Commission.  This  Commission,  after 
fitting  at  Newcastle  and  taking  eWdence,  reported  that  they 
found  thnt,  notwithstandin:;  the  area  of  tidal  water  which  had 
Uvn  exoIiKU\i  from  the  river  bv  the  training,  the  navigation 
havl  not  Iven  materially  atfecte'l:  that,  after  comparing  the 
sections  taken  bv  Messrs,  Rennie  vV:  Giles  in  1S13  with  those  of 
Mr,  Rendel  in  lS4i>  and  Mr.  Comrie  in  lSo4,  they  found  a 
g^uieral  ov^rresjvndence  in  them :  and  that  upon  the  whole  very 
little  change  had  taken  place  in  the  navigable  capabilities  of  the 
river  vluriixg  the  pr^^vious  r>rty  years,  and  that  up  to  1855  the 
river  r^uuaiuevl  suWtantially  unimprv^ved. 

In   ISC>^>  Mr.   Brvvkes  resi^med.  and  Mr.  J.   F.  Ure,  of  the 

Cly\le»  was  apjvintevl.     At  the  time  of  Mr.  Ure's  appointment, 

|Ka  "^'-^  was  (vrbapc!^  in  its  worst  condition  relatively  to  its 

•W  vv«i^b  frvHu  America  foundered  on  the  bar  vrithin 


1^  abort  time;  vessels,  after  being  loaded,  remained  for  weekn 
miting  for  water;  and  those  drawing  over  12  feet  could  not  get 
U>  Newcastle  except  at  liigh  spring  tides,  Mr.  Ure,  bringing 
irith  him  the  experience  of  the  Clyde,  saw  that  without 
Kjrstematic  dredging  the  river  could  never  be  made  available  for 
Qie  traffic  which  belonged  to  it.  In  an  able  report  he  detailed 
what  he  advised  to  be  done,  and,  his  report  Iwing  approved,  he 
at  once  set  to  work  to  obtain  an  efficient  dr edging-plant  for 
removing  the  shoals  and  deepening  the  bed  of  the  river.  In 
1862  the  piers  were  sufEciently  advanced  to  allow  of  dredging 
away  the  sand  smd  deepening  the  water  over  the  bar. 

The  quantity  of  material  annually  dredged  amounted  foi- 
several  years  to  from  *  to  5  million  tons  a  year.  At  the  present 
time  it  amounts  to  about  IJ  million. 

In  1876  the  old  bridge  at  Newcastle,  which  obstructed  the 
way,  was  replaced  by  Mr.  Ure  by  the  present  swing  bridge, 
baving  only  four  openings,  the  two  central  spans  being  104 
'eet  each. 

The  principal  works  which  have  been  carried  out  for  the 
mprovement  of  the  river  are — the  increase  of  the  width  of  the 
tarrows  in  Shields  harbour  from  380  feet  to  590  feet;  the 
emoval  of  the  Insand,  covering  6  acres  to  a  depth  of  30  feet, 
rhich  dried  at  low  water ;  the  removal  of  Dortwick  Sands,  which 
Iried  over  11  acres  ;  of  the  WhitehiU  Sand,  which  stretched  half- 
way across  the  navigable  channel ;  of  Jarrow  Sand,  covering 
16  acres;  of  the  Slip  Sand,  covering  4  acres;  Longrcach  Shoal, 
k  length  of  2  miles ;  Hebbum  Shoal ;  St.  Anthony's  Reach,  and 
Brandling  Reach,  have  all  been  deepened  from  4  and  o  feet  to 
!0  feet. 

The  harbour  works  consist  of  a  north  pier  3000  feet  in 
length,  and  a  south  pier  nearly  one  mile.  The  base  of  the  piers 
sonsists  of  rubble  stone  tipped  into  the  sea,  the  supers tructimi 
being  formed  with  concrete  blocks,  some  of  which  weigh  upwfirds 
of  40  tons.  The  stone  used  exceeds  3  million  tons  in  weight. 
The  canying  out  of  this  work  has  been  exceptionally  difficult, 
owing  to  the  depth  of  water  at  the  outer  ends  of  the  piers  and 
(he  violence  of  the  sea,  especially  in  north-east  gales. 

The  dredging  has  been  of  a  very  extensive  character,  extend- 
ing not  only  to  the  deepening  of  the  channel  of  the  river,  but 
also  to  the  removal  of  the  sand-beds  which  obstructed  the 
entrance  from  the  sea.     The  plant  consists  of  six  large  dredgers. 
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ten  steam-lioppers,  eight  6team-tug8,  and  forty-seven  wooda 
barges,  and  cost  £300,000.  The  material  removed  betVM 
1860  and  1888  amounted  to  82,68i,G29  tons. 

Three  wet  docks  have  been  constructed ;  the  NortbumlKr- 
land  Dock,  constioicted  from  the  desijjns  of  Mr.  J.  Plewa.  opcsil 
in  1857,  containing  55  acres,  and  having  24  feet  on  Uw  bQ; 
the  Tyne  Dock,  the  property  of  the  North-Eastem  Raitn^ 
Company,  constructed  from  the  designs  of  Mr.  F.  E.  1' 

1  in  1859,  having  an  area  of  50  acres,  and  25  fci 
sill;  and  the  Coble  Dene  or  Albert  Edward  Dock,  i"  ;. 
under  the  direction  of  Mr.  Messent,  opened  in  1884,  hai 
area  of  24  acres,  and  .30  feet  on  the  sill.      The  first  and  )w 
were  built  by  the  Commissioners. 

The  effect  of  the  improvements  on  the  propagation  of  ili 
tidal  wave  has  been  to  accelerate  the  time  of  high  water 
Newcastle,  lO.J  miles  from  the  sea,  about  three-quarters  of 
hour,  and  at  Newburn  an  hour ;  high  water  at  Kewem 
being  DOW  only  12  minutes  later  than  at  i^hiclds  huboq 
whereas  formerly  it  was  GO  minutes  later.  The  interval  beti 
the  arrival  of  the  first  of  the  Hood  at  Newcastle  from  ShitUi 
harbour  lias  been  accelerated  nearly  two  hours.  Formerly  it 
not  unusual  for  the  level  of  high  water  at  Newcastle  to  be  &« 
7  to  10  inches  below  that  at  Tynemouth ;  since  the  iniprovemed 
it  has  been  raised  1  foot,  and  low  water  lowered  3  feet  fl  vd 
making  an  increased  range  of  5  feet  4  inches.  Low  wat£r 
been  lowered  6  feet  at  Blaydon,  15  miles  from  the  bol  H 
volume  of  tidal  water  has  been  increased  to  over  10  nillifl 
cubic  yards  each  spring  tide. 

The  total  tidal  volume  sent  into  the  river  at  each 
tide  may  be  estimated  at  about  68  million  cubic  yards  a  day. 
and  the  ordinaiy  fresh  water  discharge  at  4  million  cubic  yard^ 
or  about  one- seventeenth  of  the  tidal  water. 

Since  the  retirement  of  Mr.  TJre  in  1870,  the  works  hm 
been  under  the  charge  of  Mr.  P.  J.  Messent,  M.I.C.E,  Utt 
present  engineer  to  the  Commission,  and  who  had  been  in  chu|l 
of  the  pier  works  as  resident  engineer  from  their 
ment. 

Tidal  Harbour  Commissioners'  Report,  1845  and  IWi; 
"  The  River  Tyne,"  by  W.  A.  Brookes.  Peoc.  Inst.  C.E.,  voL  xx»i, 
1867;  "River  Tyne  Improvement,"  by  P.  J.  Messent,  IS*; 
■■  The  River  Tyne,"  by  J.  Guthrie  (London,  1888).     Reporti  d 
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V.  Chapman.  1R02;  J.  Rennie,  1813;  W.  Cubitt.  1837;  W.  A. 
trookes,  1842  ;  J.  Walker,  1844 ;  J.  Murray.  1844 ;  C.  Washington 
Admiralty  Report),  1840 ;  J.  Rendel.  1851 ;  Captain  Caiver, 
854  and  1872  ;  Royal  Commission,  185.'5. 

The  TeeB. — Although  the  Tees  cannot  show  a  record  equal 
to  that  of  the  Clyde,  it  affords  a  remarkable  instance  of  the  effect 
tm  the  trade  and  commerce  of  a  diatriet  duo  to  the  advantage 
to  he  gained  from  a  tidal  river  when  its  capabilities  are  freely 
bken  advantage  of.  The  Tees  is  a  amall  river,  only  70  miles  in 
length,  and  draining  760  square  miles,  and  having  a  tidal  run  of 
S  miles.  At  the  beginning  of  the  present  century  it  was 
lavigable  for  amall  craft  of  about  50  or  GO  tons  to  Stockton, 
3  miles  from  the  sea,  which  was  then  a  small  town  of  10,000  or 
2,000  inhabitants.  By  moans  of  the  river  a  few  coals  were 
Kported  from  the  South  Durham  coal-fields,  and  goods  brought 
>t  distribution  amongst  the  fanners  of  Teesdale  and  the  adjoin- 
ig  districts.  The  river  was  very  tortuous,  the  entrance  into 
be  estuary  from  the  North  Sea  difficult  and  dangerous,  and  the 
avigation  amongst  the  shifting  sandbanks  between  Middles- 
orough  and  the  sea  tedious  and  not  ud accompanied  by 
anger. 

In  1808  the  greatest  depth  of  water  at  spring  tides  up  to 
Stockton  was  8J  feet,  and  vessels  of  100  tons  had  to  lighten 
■efore  reaching  there. 

At  the  beginning  of  the  present  century  Middlesborough 
kad  25  inhabitants ;  in  1S31  it  was  atill  a  small  village,  with  a 
■npolation  of  154,  and  between  this  place  and  Stockton  there 
vere  only  a  few  cottages  and  farm-houses  scattered  along  the 
■anks  of  the  river,  Middlesborough  has  now  become  an  im- 
wrtant  town,  having  a  population  of  70,000. 

The  revenue  of  the  Commiasioners,  when  the  works  com- 
nenced  in  l?s.52,  was  ,£4,087,  and  the  debt  ^102,701.  In  1882 
he  revenue  had  risen  to  i'55,780,  and  the  debt  to  £611,129. 
Jp  to  the  end  of  1890  the  total  expenditure  on  the  river 
mprovement  had  been  £1,070,913,  of  which  £65,012  consisted 
if  the  liabilities  of  the  Tees  Navigation  Company ;  Parliamentary 
wets,  £40,802 ;  training  and  dredging  works,  £460,.522 ;  break- 
raters,  £289,003 ;  the  balance  being  for  graving-docks,  tugs, 
ind  other  matters.  The  debt  then  stood  at  £838,125,  a  certain 
;)ortion  being  paid  off  yearly.  The  income  for  the  year  ending 
1890  was  £69,097.    The  chief  items  of  expenditure  out  of  revenue 
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■were  dredging,  £8,923;  maintenance,  £1*,879;  interest  ud  r» 
demption,  £39,000. 

The  special  industries  which  the  Teea  has  developed  ue  in^ 
eoal,  salt,  and  shipbuilding,  about  120,000  tons  of  sbqtfH^, 
being  built  annually. 

The  openiny  out  of  the  Cleveland  iron-mines  about  JS-W  by 
John  Vaughan  drew  the  iron  trade  to  the  Tees.  A  continnoa 
growth  of  smelting- works  neai-  the  river  rendered 
better  accommodation  tor  the  transport  of  the  manufactonj 
iron.  This  was  still  further  stimulated  by  the  discover}-  of  tlM 
Bessemer  process  of  making;  steel,  which  was  taken  up  bytl 
Tees  ironmasters,  making  Tees-side  one  of  the  greatest  >(e4 
making  districts  of  the  country. 

The  etl'ect  of  the  works  carried  out  has  been  to  make  tli 
Tees  a  magniticent  tidal  waterway.  The  tonnage  passing  alog 
the  river  amounted  to  24,53+  tons  in  1S04.  Owing  to  \ 
improvements  which  facilitated  the  navigation,  it  had  i 
to  87,823  in  1828.  From  this  time  forward,  after  the  river  » 
taken  in  hand  by  the  Tees  Navigation  Company,  its  pro 
was  more  rapid.  In  1846  the  tonnage  had  increased  to  742,931 
tons.  It  then  fell  off,  owing  to  the  opening  up  of  the  railwtjk 
In  1853,  the  tirat  year  of  the  Conservancy,  3921  vessels  entoel 
the  river,  of  a  tonnage  of  371.482  tons.  In  1891,  4276  ve« 
entered  the  ports  of  Middlesborough  and  Stockton,  of  a  toniu^ 
of  1,608,449  tons,  the  average  size  of  the  vessels  enlerii^ 
Middlesborough  being  404J  tons,  and  Stockton,  255J.  Tb 
average  size  of  the  vessels  entering  Middlesborough  Dock  la 
1842  was  100  tons ;  between  1S65  and  1S74  it  had  incresaed  to 
184  tons;  in  1887  the  average  size  was  642  tons.  The  laigtat 
cai^o  loaded  in  a  vessel  between  1859  and  18C4  was  705  tu 
the  largest  cargo  despatched  out  of  the  dock  up  to  1890  n 
5000  tons  of  railway  metal  and  coal. 

Fifty  years  ago  the  depth  up  to  Stockton  at  low  water  « 
"2  feet,  and  8  feet  6  inches  at  high  water,  with  C  feet  over  the  bar. 
Before  the  improvements  carried  out  by  the  present  Commission 
the  available  depth  at  Stockton  at  low  water  was  3  feet,»Dd 
14i  feet  at  high  water,  whilst  there  was  the  same  depth  tl 
Middlesborough  at  low  water  and  16^  feet  at  high  wsta 
Lower  down  there  were  two  and  sometimes  three  shalloi 
channels,  which  were  changed  in  form  and  depth  nearlv  eveij 
spring  tide.     No  less  than  40  buoys  were  required  to  mjirk  out 
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t  2  miles  of  channel.     The  depth  over  the  bar  was  about 

,  shoaling  on  occasions  to  3  feet,  and  the  course  over  it 

d  over  nine  points  of  the  compass.     There  is  now  from  1 8  to 

»t  over  the  IJar  at  low  water  and  3G  feet  at  high  water,  and  9 

kt  low  water  and  25^  at  high  water  in  tlie  river  up  to  Middlea- 

wgb,  and  l.S  feet  at  high  water  to  Stockton.    The  entrance  is 

leted  by  brealiwaters,  and  is  safe  to  enter.     The  channel  is 

I  lighted,  and  can  be  navigated  by  night  as  well  as  by  day. 

i  first  record  of  any  attempt  to  improve  the  river  waa  in 

,  when  a  Stockton  tradesman,  Edmund  Harvey,  proposed 

t  through  a  sharp  bend  near  Stockton,  and  thus  "  saving 

two   miles    in   three   in    going   between    Stockton   and 

ick."     After  Harvey's  death  this  scheme  waa  again  revived, 

I  in  1791  Jonathan  Pickemell,  an  engineer  of  Whitby,  was 

1  in  to  report  on  it.     His  estimate  of  the  cost  of  making  a 

Iflirough  this  bend  220  yards  long  was  £5000,     The  same 

J   again   revived   in   1802,   when   W.    Chapman,   of 

jffcastle,  was  called   in  and   reported  favourably  as   to   the 

nta^e  that  would  result  from  cari-ying  it  out.     The  tonnage 

"ickemeira  report  was  estimated  at  11,000  tons.     When  the 

ne  was  re-considered  in  1802,  the  tonnage  had  increased  S() 

!i  that  it  was  then  put  at  24',.'j34  tons,  and  the  increase  from 

|at£73.5  13^. 

Following  on   Chapman's   report,   a   bill    was   promoted   in 

ment,  and  an  Act  obtained  in  1808,  under  which  the  Tees 

^tion   Company   was   constituted   as  a   trading    concern, 

\  power  to  levy  dues  for  the  purpose  of  improving  the  river 

I  to  raise  £12,000. 

work  of  making   the  Maudale  Cut  from  Blue   House 

hi  to  Portrack  was  commenced  in   1800  under  Chapman's 

Etion,  and  finished  the  following  year  (see  Fig,  (34).     This 

B  was  220  yards  long,  and  shortened  the  course  of  the  river 

ilee,  and  by  the  increased  scour  the  channel  was  deepened 

The  cost  waa  £12,163.     In   1824  Mr.  H.  H.  Price,  the 

tfiy'a  engineer,  proposed  a  second  cut.     Mr.  R.  Stevenson 

^called  in  to  advise  as  to  this  proposal  in  1828,  and  reporting 

rably,  further   powers  were  obtained  from  Parliament  in 

,  ander   which    the   Ford   Causeway,  or   Nun's  Cut,  1100 

B  long,  was  made  from  Blue  House  Point  to  Newport,     This 

■net!  the  distance  }  mile,  and  gave  from  2^  to  3  feet  i 

The  cost  was  £25,996. 
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rhese  improvements  and  the  I'einoval  of  some  of  tlie  worst 
Js  enabled  vessels  "to  reach  8tockton  in  one  or  two  tides, 
ireas  before  they  were  fi-equently  six  oi'  eight  days  in  making 
passage  from  the  sea  to  Stockton." 

rhe  improvement  of  the  channel  was  continued  under  the 
ction  of  Mr.  Price,  by  straightening  the  course  and  regulating 
width  of  the  river  by  means  of  transverse  timber  groynes, 
length  of  which  ranged  from  40  to  2000  feet  in  length, 
se  groynes  were  extended  from  time  to  time,  until  the 
mel  of  the  river  was  confined  to  a  direct  courae,  and  was 
ight  to  a  unifoiTU  width.  Tlie  largest  of  these  groynes  were 
Sambley's  Bight,  where  the  widtli  of  the  chamiel  was  very 
nderable,  three  of  the  groynes  running  oiit  1000  feet  from 
ahore, 

Ihe  total  amount  spent  by  the  Navigation  Company  in 
roving  the  river  was   £110,000.  from  its  establishment  in 

0  till  its  dissolution  in  1853. 

In  1842  a  dock  of  9  acres,  having  a  lock  132  feet  long, 
'eet  wide,  with  19  feet  of  water  on  the  sill,  was  constructed 
Middleabo rough.  This  dock  was  afterwards  sold  to  the 
ekton  and  Dai-lington  Railway  Company  in  1852,  and  is 
f  the  property  of  the  North-Eastern  Railway  Company,  by 
)ni  it  has  been  enlarged  and  the  sill  of  the  lock  lowered.  It 
f  covers  15i  acres,  and  has  3145  feet  of  fjuays.  The  depth  on 
sill  of  tlie  lock  is  23  feet  at  spring  tides,  and  the  width  58  feet. 
In  1852  an  Act  was  obtained  transferring  the  powers  of  the 
s  Navigation  Company  to  a  more  representative  body.  By 
uheequent  Act  passed  in  1875  their  powers  were  extended, 
!  present  Trust  consists  of  21  members,  four  of  whom  are 
ted  by  the  Stockton  Corporation,  four  by  the  Middlesborough 
ni  Council,  two  by  the  Yarm  ratepayers,  eight  by  the  ship- 
lers  and  payers  of  dues,  and  three  by  the  Board  of  Trade. 

1  Act  provided  for  the  raising  of  £207,000  for  works  in  the 
tr.  The  borrowing  powers  were  subsequently  increased  to 
300,000.  The  limits  of  jurisdiction  of  the  Trust  are  from 
sea  to  High  Woraall,  above  Yarm,  to  which  place  the  influence 
he  tide  exteniis,  being  a  length  of  about  26  miles. 

The  Tees  Navigation  Company  had  confined  their  attention 
ost  entirely  to  works  in  the  river  above  Middlesborough, 
had  done  nothing  to  improve  the  coui-se  through  the  estuary 
he  sea,  a  distance  of  eight  miles. 
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The  navigable  waterway  was  in  such  a  defective  eonditicq 
through   the  estuary  that   it  was  split  up  ioto   two  or  t 
channols,  which  were  constantly  shifting,  and  the  depth  n 
shallow  at  low  water  that  it  was  hardly  possible  for  a  xm 
to  get  along  the  upper  part,  while  lower  down  there  w» 
from  2  to  3  feet  over  the  shoals. 

Soon  after  the  incorporation  of  the  new  Commissioii,  Mr. 
John  Fowler  was  appointed  engineer,  and  under  his  directuC 
the  works  for  the  improvement  of  the  estuary  were  designed  and 
carried  out. 

The  course  to  be  given  to  the  permauent  channel  thp»^ 
the  estuary  occupied  a  great  deal  of  attention.  l(r.  W. 
A,  Brookes  had  recommended  in  184ti  the  formation  of  4 
slightly  curved  channel  from  Cargo  Fleet  directly  acroat  tlw 
Seal  Sand,  the  south  training  wall  passing  the  end  of  tbe 
Bran  Sand,  and  tbe  north  through  the  South  Gare  Sand  Ttii 
channel  would  have  been  driven  through  a  high  bank  of  «i 
and  its  axis  at  the  lower  end  would  have  been  open  to  the  m» 
in  a  south-east  direction,  Mr.  Johnson,  the  superinteudcnt  of^ 
the  works,  advised  that  the  existing  south  channel  should  l« 
improved,  as  being  a  less  costly  scheme,  and  one  that  couW  bi 
carried  out  at  less  inconvenience  to  the  traffic.  Mr.  Fowler 
subsequently  proposed  an  intei-mediate  coui-se  by  a  currtd' 
channel  carried  more  to  the  north,  and  avoiding  the  sharp  ton 
at  the  eighth  buoy  scarp,  Mr.  Johnson's  plan,  however,  lemling 
itself  to  a  system  of  gradual  improvement  which  comnieBilcl 
itself  to  the  Commissioners  as  being  more  easily  adapted  t 
the  funds  at  their  disposal,  was  ultimately  carried  out  by  Mc 
Fowler.  The  work  was  commenced  by  the  construction  of  | 
groyne  1400  feet  long,  carried  across  the  head  of  the  i 
channel,  and  a  longituilinal  training  wall  1000  feet  long,  Hit 
the  pui-pose  of  forcing  the  whole  of  the  current  into  the  s 
channel  This  groyne  was  constructed  of  clay  and  stone  for  tl 
tirst  500  feet,  and  the  remainder  of  timber  backed  up  by  dijp 
and  stones.  Training  walls  were  also  commenced  at  ditferei 
parts  of  the  channel,  where  it  was  thought  they  would  have  tl 
most  effect.  These  walls  were  suljsequently  joined  t^^thtf 
and  extended  seawards  for  about  five  miles,  or  within  aboid 
half  a  mile  from  the  pier-heai:l  at  the  entrance.  The  work  el 
training  was  carried  out  between  1855  aud  1877.  The  w'ftH 
are  from  4  feet  to  7  feet  above  low  water,  and  vary  in  hcighl 
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■om  their  base  from  12  to  40  feet  About  1^  million  tons  of 
ag  were  used  in  their  construction.  This  slag  was  obtained 
"OBJ  the  ironworks  in  the  neighbourhood,  the  ironmasters 
aying  the  commissioners  for  removing  it  off  their  premises, 
lie  slag  was  run  hot  into  small  iron  trucks,  and  thence  dis- 
tiaiged  into  barges,  and  from  them  on  to  the  walls  in  lumps 
jreigbing  about  3  tons,  the  barges  being  moored  to  piles  along 
"le  training  walls.  Altogether  there  are  20  miles  of  training 
above  and  below  M id dleabo rough,  which  have  been  put  in 
cost  of  £50,000. 
The  entrance  to  the  estuary  from  the  North  Sea  is  protected 
two  breakwaters  running  out  from  the  shore  on  tbe  north 
id  south.  The  Government  had  heen  strongly  urged  to  carry 
it  this  work,  on  the  ground  that  the  construction  of  breakwatei's 
rould  provide  a  safe  harlxiur  of  refuge  on-  the  north  coast.  The 
Idmiralty  sent  Mr.  J.  M.  RenJel,  C.E.,  in  185.5,  to  report  on  the 
latter,  aii<1  he  advised  the  construction  of  a  north  and  south 
reakwater  at  a  cost  of  £300,000.  The  Government,  however, 
nally  declined  to  take  the  matter  up,  and  the  Tees  Commis- 
.oners  undertook  the  work.  The  South  Gare  breakwater  was 
immenced  in  1862,  and  finished  aliout  1888.  It  runs  out  from 
IB  shore  at  Tod  Point,  across  the  Bran  Sand  in  a  north-westerly 
irection,  curving  round  northwards  towards  the  end.  The 
iDgth  is  about  two  miles.  About  two-thirds  of  the  first  part 
insists  of  slag  blocks  tipped  direct  from  the  trucks  on  to  the 
ind,  the  mound  being  raised  about  15  feet  above  high  water, 
he  outer  part  for  about  3000  feet  ia  cased  with  concrete, 
veraging  15  feet  in  thickness  up  to  high-water  mark,  and  5 
>  7  feet  above  this.  The  base  of  the  mound  above  low-water 
!vel  is  170  feet  wide,  but  the  toe  runs  out  70  to  100  feet 
eyond  this.  The  top  is  90  feet  wide.  During  a  heavy  gale  in 
■etcher,  18110,  about  280  feet  of  the  wall  was  broken  down,  and 
le  slag  foundation  washed  away  to  a  depth  of  10  to  12  feet 
Blow  low  water.  Tlie  damage  arose  from  a  vacant  space  which 
Eld  been  left  in  laying  the  foundation,  and  which  could  not 
ibsequently  be  made  solid.  The  breach  was  repaired  with 
jncrete  laid  in  bags  containing  14  cubic  yards.  The  foot  of 
le  mound  has  been  protected  with  concrete  blocks,  weigh- 
ig  from  30  to  40  tons  each.  Several  large  blocks,  weighing 
om  200  to  500  tons,  were  also  placed  in  the  most  exposed  part 
hese  were  built  in  condemned  ships,  which  were  towed  to  the 
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site  where  the  blocks  were  requirer],  and  then  sunk,  tlic  tinibcn 
being  sawn  through  so  that  the  vessels  might  Lreak  i]|l  Tt* 
alag  at  first  used  was  sujiplied  by  the  ironiiiasten  at  a  coA  irf 
threepence  per  ton ;  subsequently  the  ironmasters  paJil  the  Tim 
a  penny  a  ton,  and  ultimately  fivepence,  for  removing  it  for  tW 
The  quantity  of  slag  used  in  the  South  Gare,  21  miles  in  len^ 
vras  five  million  tons.  The  cost  of  this  breakwater,  which  tsiA 
24  years  to  complete,  was  £308,653.  The  sum  received  fna 
the  ironmasters  was  £56,671. 

The  North  Gare  runs  out  from  the  shore  at  SeatOD  Snotk. 
across  the  Korth  Gare  Sand  in  an  easterly  direction,  and.  vba 
tinished,  is  intended  to  be  60011  feet  long,  the  distance  becwta 
the  pier-heads  being  2100  fuet.  The  mode  of  constnictioa  * 
similar  to  that  adopted  in  the  South  Gare.  The  cost  c^  oo- 
struction  was  originally  estimated  at  £75,000,  but  this  bti 
already  been  largely  exceeded.  Up  to  the  end  of  1890  abtn 
a  million  tons  of  slag  had  been  deposited. 

The  deepening  of  the  nver  by  dredging  was  not  connnencel' 
until  1853,  when  the  first  small  dredger  was  set  to  work.  7U 
was  a  single-ladder  bucket  dredger,  discharging  over  the  ol 
into  pnnts.  Since  then  the  work  has  been  carried  ont  ««■ 
tinuously.  The  quantity  dredged  became  greater  every  yw. 
being  for  1854,  11,745  tons;  1864,73,715;  lS7t,  84S.673;  18^ 
1.846,790;  and  the  total  quantity  up  to  1889,  24^  millioMflf 
tons.  The  plant  conmts  of  4  double-ladder  dredgers,  1  Print- 
man  grab  dredger,  35  hopper  barges,  and  8  steam-tugs,  ibe 
cost  being  £140.000. 

A  hard  scarp  near  the  eighth  buoy,  which  interfered  varj 
tuuch  with  the  navigation,  containing  120,000  cubic  yanls, 
also   been   removed  by  blasting,  at  a  coat  of  £27,000,  learin; 
14  feet  at  low  water. 

The  carrj'ing  out  of  the  groynes  and  fixing  the  channel  h» 
resulted  in  the  deposition  of  a  large  amount  of  detritus  tod 
alluvial  matter,  which  formerly  used  to  oscillate  backwards  ud 
forwards  with  the  tides.  A  large  area  lying  between  Ui* 
training  walls  and  the  land  having  become  sufficiently  ruttd 
by  deposit  of  this  alluvial  matter  to  be  fit  for  enclosure, 
wards  of  26.000  acres  have  been  enclosed,  requiring  10  miles  </ 
i'mliankment.  at  a  cost  of  £112,490.  From  the  sale  of  tbiv 
XII5,034  had  been  received  by  the  Commissioners  up  to  the 
fiid  of  IMK)  as  their  share.     Of  the  remainder,  one-fourth  of  the 
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went  to  tlie  frontagers  and   one-Fourth   to   the  Crown. 

>re  is  stilt  an  ai-ea  of  alwut  1 190  acres  yet  to  be  dealt  with, 

value  of  one-half  of  which  belongs  to  tlie  Trust, 
1  The  dredging  Ijetween  Middlesborough  and  Stockton  is  now 
taang  actively  pushed  on,  and  is  to  be  continued  until  there  is 
^  feet  up  to  the  dock-sill  at  low  water  at  Middlesborough,  12  feet 
torn  there  to  Newport,  and  10  feet  thence  to  Stockton,  It  is 
ibo  intended  to  remove  the  shaip  bend  at  Blue  House  Point, 
aod  to  improve  the  river  at  Ichabo  Point,  near  Port  Clarence, 
po  etTect  these  improvements,  power  has  recently  been  obtained 
lU  raise  a  further  sum  of  i'150,000. 

The  channel  of  the  river  is  lighted  by  means  of  compressed 
pw,  for  the  making  of  which  the  Commissi  oners  have  a  com- 
klete  plant. 

Report  of  the  Tidal  Harbour  Commissioners.  1846.  Re- 
sorts of  H,  H.  Price,  May  and  November,  1S24;  R.  Stevenson, 
t827;  W.  A.  Brookes,  1840.  " D&seription  of  the  River  Tees 
kod  of  the  Works  upon  it,"  J.  Taylor,  Min.  Proc.  Inst. 
VJ!.,  vol.  xxiv. ;  "Dredgers  and  Dredging  on  the  Tees,"  J. 
Powler,  vol.  Isxv. ;  "  River  Tees  Improvements,"  J.  Fowler, 
K>L  xc. 

The  Mersey. — This  river,  although  from  its  size  not  deserving 
Mention,  yet  possesses  chaiucteri sties  of  such  a  remarkable 
dnd  that  a  description  of  its  physical  conditions  will  aSbrd  an 
bstructive  lesson  in  tidal  navigation.  Having  a  drainage  area 
lardly  equal  to  some  of  the  smallest  tributaries  of  the  larger 
ivera  of  the  world,  it  yet  is  able,  owing  to  the  great  rise  of  the 
ade,  to  provide  a  waterway  to  a  port  which  stands  nearly  first 
n  the  world  for  the  amount  of  its  shipping  and  the  size  and 
Inught  of  the  vessels  which  frequent  it.  It  is,  therefore,  a 
rery  striking  example  of  the  benefit  conferred  on  a  river  by 
idal  flow. 

The  lower  reach  of  the  river,  extending  over  the  first  16  miles 
rom  the  bar,  although  passing  through  vast  beds  of  sand,  yet 
BUntains  itself  in  one  permanent  course,  and  has  a  depth  of 
!rom  30  to  50  feet  at  low  water.  The  upper  reach,  passing 
ihrough  a  wide  sandy  estuary,  being  acted  upon  by  different 
igencies,  the  ebb  and  flood  have  a  tendency  to  assume 
liSercnt  directions,  according  as  the  tidal  or  fresh  water  has  the 
greater  influence.  The  consequence  is  that  the  channel  b 
'requently  shifting  its  position,  and  the  waterway  barely  pro- 
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vides  depth  sufficient  for  the  smallest  class  of  yessels  even  at 
high  water. 

Where  this  river  opens  out  into  the  sea,  it  is  encombered  bj 
one  of  the  mos^  remarkable  examples  of  a  bar  to  be  found  no- 
where. This  bar,  consisting  of  nothing  but  sand,  rises  up  abofs 
the  bed  of  the  channel  for  a  height  of  5S  feet  on  the  upper  Mb, 
and  4G  feet  on  the  sea  side,  leaving  over  it  a  depth  whieh  hai 
varied  from  7  to  17  feet  The  main  channel  of  the  river  \m 
shifted  its  position  at  various  times  over  a  8paoe  of  nearly  three 
miles,  yet  each  new  channel,  as  it  has  been  formed,  has  also 
developed  a  new  bar. 

This  river  also  stands  out  in  contrast  to  the  other  eon- 
raercial  rivers  in  the  country  from  the  absence  of  any  attempi 
on  the  part  of  the  authorities  interested  in  it  to  cany  out  woifa 
for  facilitating  the  navigation.  In  addition  to  a  very  large  tredsc 
with  other  foreign  countries,  Liverpool  is  the  principal  landing- 
place  for  passengers  coming  from  or  going  to  America.  Hie 
steamship  companies  have  lavished  money  without  stint  on  the 
vessels  engaged  in  the  service,  in  order  to  shorten  the  time 
occupied  in  the  voyage  to  the  smallest  possible  limit ;  yet  whib 
hundreds  of  thousands  of  pounds  have  been  sunk  in  order  to 
save  a  few  houi*s  in  the  voyage,  the  vessels  are  frequently 
detained  outside  the  approach  to  the  river  from  the  want  of 
sufficient  water  on  the  bar.  Until  quite  recently,  when  some 
experimental  dredging  was  commenced,  no  works  of  any  descrip- 
tion had  ever  been  attempted  to  facilitate  the  navigation  by 
giving  deep  water  over  the  bar,  so  that  vessels  might  cross  it 
at  all  states  of  the  tide. 

Liverpool  received  its  first  cliarter  in  1173  from  Henry  II., 
in  conse(iiience  of  its  importance  as  a  port  of  communica- 
tion with  Ireland.  In  1561  the  merchants  of  the  town  owned 
only  12  ships,  and  the  number  of  houses  was  only  138.  In  the 
middle  of  the  fifteenth  century  the  shipping  of  the  Mersey  is 
stated  to  have  been  represented  by  15  vessels,  of  a  gross  burden 
of  26S  tons.  The  ship-money  levied  in  the  reign  of  Charles  I 
was  £*25,  Bristol  being  rated  at  £1000. 

The  commencement  of  works  for  the  protection  of  shipping 
was  made  in  the  reign  of  Queen  Elizabeth,  when  a  mole  WM 
Ibrined  to  protect  the  vessels  in  winter,  and  a  quay  built  for 
loading  and  unloading.     The  first  wet  dock  was  built  in  1708. 

Liverpool  in  past  times  depended  chiefly  for  its  support  on 


EXAMPLES    OF  RIVER  IMPROVEMENT. 


■ssels  taking  cargoes  to  and  from  Ireland,  sharing  this  trade 
th  Cheater.  While  it  is  still  the  principal  port  for  the  Irish 
de,  its  rapid  growth  in  modem  times  is  due  to  the  trade  with 
^  .-America,  being  the  great  port  for  the  deliver}'  of  cotton,  the 
k  ^jrogress  being  very  rapid  after  the  introduction  of  steam 
Br-  aoavigation.  The  tonnage  of  vessels  frequenting  the  port  of 
^  :Hiverpool  in  1S31  was  1,592,436.  In  18GI  it  was  4,977,272,  and 
f^  atn  IWU  it  was  S,623,332  tons,  carried  in  17,645  vessels,  the 
^   MBVerage  tonnage  l»eing  488  tons. 

^  The  port  of  Liverpool  for  conservancy  purposes  extends  from 

-^he  estuary  of  the  Mersey  to  the  extreme  point  reached  by  the 
^  -ftides,  and  includes  the  waters  at  the  southern  entrance  to  the 
.Mcibble  up  to  Southport,  and  of  the  Dee  up  to  Dingle.  The  Com- 
amissioners  of  the  river  Mersey  hold  their  autliorlty  under  the 
2»OM-ers  of  an  Act  passed  in  the  5th  and  6th  year  of  Victoria. 
T3Ptie  Mersey  Docks  and  Harbour  Board  have  also  separate  rights 
Sn,  the  river  and  estuary.  In  1857  and  185S  Acts  were  passed 
■^•OMT  consolidatiji;^  the  docks  at  Liverpool  and  Birkenheaii  in  one 
^Sstate  and  under  one  tru.'jt.  By  the  Consolidating  Act  of  1858, 
^^o  less  than  thirty-nine  Acts  relating  to  these  docks,  commencing 
:£rom  the  reign  of  Queen  Anne,  were  repealed. 

The  Mersey  derives  its  origin  in  Derbyshire  by  the  union  of 
*^Wo  small  streams,  the  Goy  and  the  Thame.  Passing  Stockport, 
S.t  is  joined  by  the  Irwell  at  Flixton ;  below  Warrington  it  is 
sS^^ioed  by  the  Weaver  and  the  Bollin,  The  length  of  the  Mersey 
■^  67  miles,  and  the  drainage  area,  including  tJie  tributaries, 
1 SS5  square  miles.  It  is  tidal  as  far  as  Woolston  Weir,  five 
Kzmiles  atwve  Warrington,  beyond  which  place  the  river  has  been 
vsanalized  (see  Fig.  65),  Below  Warrington  the  estuary  is  about 
1 40  feet  wide,  increasing  to  170  feet  at  Fidler's  Ferry,  and  to 
<*50  at  1^  mile  lower  down.  It  then  widens  out  to  3500  feet, 
«scmtracting  to  1200  feet  at  Runcorn  gap.  Below  Runcorn  it 
^•ridena  out  to  4200  feet  to  Weston  Point;  it  then  expands  tf> 
^klwut  IJ  mile,  increasing  to  nearly  3  miles  at  EUesraere  Port, 
flKaid  then  again  contracting  to  about  a  mile  at  Dingle  Point. 
K*or  the  next  5  miles  the  chamiel  at  high  water  does  not  excee'i 
^fc.  mile  in  width,  and  in  the  narrowest  place  is  barely  three- 
■•J^narters  of  a  mile.  At  New  Brighton  the  channel  divides  in 
fc"wo  parts,  one,  the  Rock  Channel,  going  to  the  south-west, 
TOTid  having  a  width  at  low  water  of  about  the  third  of  a 
»»iile,  with  2  fathoms  at  low-water,  except  at  the  upper  end. 
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lere  there  is  a  bar  of  rock,  on  which  there  is  only  about 
athom. 
The  main  channel  is  aeparated  from  Liverpool  Bay  by  a  range 
sandbanks  known  a«  the  Great  Eurbo,  which  are  covered 
»m  about  16  feet  to  25  feet  at  hiyh  water,  and  passes  out  to 
\  by  the  Queen's  Cliannel,  between  tlie  tail  of  these  sands  and 
hers  known  as  the  Taylor  Bank  and  Zebra  Flats,  There  is 
10  another  narrow  outlet,  the  Formby  Channel,  which  has  from 
to  4  fathoms  at  low  water,  except  at  the  upper  end,  where  is 
bar  covered  with  only  about  \  fathom.  The  set  of  the  current 
)m  Liverpool  Bay  is  towards  the  main  channel  of  the  Mersey 
ith  the  flood,  and  from  it  with  the  ebb.  From  the  sea  channels 
I  the  river  entrance  the  cuiTcnt  gradually  increases  from  2  and 
knots  in  the  former  to  4  and  <1  in  the  latter.  At  equinoctial 
les  it  attains  a  rate  of  7  luiots  in  the  narrowest  part  of  the 
rer  channel.  To  the  north  of  the  Mersey  bar  the  set  of  the 
irrent  along  the  coast  both  at  flood  and  ebb  is  towanls  and 
im  the  Ribble,  and  to  the  south  the  set  is  in  the  direction  of 
e  coast-line,  or  neaily  east  and  west.  The  Burbo  Sands,  there- 
re,  may  be  regarded  as  a  protection  from  any  littoral  drift 
iried  by  the  flood  tides  from  being  taken  into  the  river. 

The  Crosby  Channel,  below  New  Brighton,  has  a  broad 
ivigable  passage  more  than  half  a  mile  in  width,  with  a 
jpth  of  26  feet  at  low  water,  increasing  in  places  to  double 
lb.  The  channel  from  New  Brighton  to  the  outer  side  of 
le  bar  at  the  present  time  assumes  the  form  of  an  irregular 
irve,  having  a  radius  of  oj  miles.  Across  the  Queen's  Channel, 
t  its  junction  with  the  sea,  is  a  bar  formed  of  sand.  This  bar 
Bsumes  a  horseshoe- shape,  having  the  convex  end  towards  the 
a  in  a  W.N.W  direction,  the  two  inner  ends  being  joined  to 
!ie  Burbo  Sands  and  Jordan  Flats.  Taking  the  distance  between 
iefle  sands  as  one  mile,  the  crest  of  the  bar  may  be  described  as 
le  mile  wide  by  three-quarters  of  a  mile  in  length,  and  having 
fer  it,  before  the  dredging  was  commenced,  at  low  water  of 
iring  tides,  a  fathom  and  three-quarters  in  the  shoalest  part. 
;tending  over  the  third  of  a  mile,  and  2J^  fathoms  over  the 
mainder.  On  the  upper  side  the  water  then  deepens  to  4^ 
thorns  for  half  a  mile,  and  then  to  7  and  8  fathoms.  On  the 
a  side  the  depth  increases  from  3^  to  .t^  fathoms  in  half  a  mile, 
;d  then  to  7  and  8  fathoms  (Fig.  66). 

i  constituting  the  bar  always  assumes  the  form  of 


^Thfi  ridge  ( 
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an  arch  or  loop,  varying  its  position  to  the  west  or  north-in 
according  to   the   deepest   depression   over  it ;    occ&sionally 
assumes  a  more  crescent  form,  as  when  the  deepest  part  projei 
towards  the  west  instead  of  towards  the  north-west  and 
'Die  deeper  part  of  the  ridge  available  for  navigation  is  gem 


1 
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confined  to  a  length  of  about  half  a  mite,  with  sometimes  a  depi 
of  10  and  1 1  feet ;  but  in  some  seasons  this  has  Jieen  reduced  1 
G  feet  and  9  feet,  and  at  others  has  deepened  to  17  feet  Tb«i 
minimum  and  maximum  depths  are  very  exceptional 

The  earliest  charts  show  that  the  position  of  the  nu 
channel  over  the  Imr  was,  two  hundred  years  ago,  very  much  j 
the  same  position  as  it  is  now.  It  appears  to  have  varied  sligbd 
sometimes  working  more  to  the  north.  About  sixty  years  ij 
the  channel  seems  to  have  attained  its  most  southerly  limit,  bi 
then  known  as  "the  New"  or  Denham's  Channel.  In  1842  t 
course  was  by  the  Victoria  Channel,  which  went  out  to  the  son 
of  the  Little  Burbo,  about  li  mile  to  the  south  of  the  preM 
course.  It  remained  in  this  position  till  1S.'(.5,  when  t 
present  or  Queen's  Channel  began  to  open  out,  the  Victa 
Channel  being  finally  abandoned  in  1870.  The  water  over  i 
bar  from  1838  to  1855  varied  from  1+  feet  and  17  feet,  whii 
prevailed  for  a  short  time  in  1847,  to  8  feet  in  18+S.  Ill 
average  depth  over  this  time  being  9"82  feet ;  the  greats 
average  for  the  year  being  11  feet  in  1847,  and  the  leaat  7-80i 
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43.  After  the  opening  of  the  Queen's  Channel  the  average 
pth  ranged  from  8  to  9  feet  up  to  i860.  It  then  increased  to 
and  12,  the  greatest  annual  average  being  in  18G3,  !3'30  feet. 
18G6  the  depth  began  again  to  diminish  to  II  feet,  gi-adually 
creasing  to  S-'JO  feet  in  ls69,  and  7  40  in  1873  and  1874;  it 
n  increased  to  9  feet  up  to  1883,  since  which  it  has  further 
:pened  to  11  feet.  The  greatest  depth  attained  since  the 
ictoria  Channel  has  been  opened  was  16  feet  during  July  and 
Ogust  in  18til,  and  during  March,  April,  October,  and  Noveui- 
in  18(>3  ;  the  least  being  7  feet,  which  continued  dui-ing  1873 
id  to  the  middle  of  1874. 

It  is  very  difficult  to  assign  a  cause  for  the  variation  of  the 
iptfa  of  water  over  the  bar,  but  one  fact  may  be  noted — that  a 
immutiou  of  depth  Iiels  generally  occuiTcd  after  heavy  land 
from  the  upper  Mersey,  Thus  during  the  great  "fret" 
[tending  from  1866  to  187(i,  when  the  channel  was  changed 
om  the  south  to  the  north  sidu  of  the  upper  estnary,  the  watei' 
the  bar  declined  fi-om  12  feet  in  186G  to  10  feet  in  the  follow- 
;  year,  and  after  an  exceptionally  heavy  rainfall  in  1872 
naJly  declined  to  7  feet. 

From  this  it  would  appear  that  when  the  greatest  dis. 
irbance  of  the  sands  in  the  upper  estuary  took  place,  and  the 
bb  water  consequently  carried  down  the  greatest  amount  of 
uterial,  this  accumulated  at  the  bar,  the  current  not  having 
dEcient  energy  to  lift  up  the  heavier  particles  and  carry  them 
r  the  ridge. 

So  far  as  any  reliance  can  be  placed  on  surveys  made  from 
old  charts  as  compared  with  those  of  the  present  day,  it 
ftpears  that,  although  the  height  and  position  of  the  sand- 
iks  at  the  mouth  of  the  Mersey  may  have  varied  from  time 
time,  yet  the  total  quantity  of  material  remains  the  same, 
1  the  change  has  simply  been  a  transport  of  mateiia)  from 
e  part  to  another. 

At  the  time  when  the  Victoria  Channel  was  in  existence, 

^tain  Denham  made  an  attempt  to  improve  the  depth  over 

bar  by  a  system  of  harrowing,  and  succeeded  in  deepening 

water  over  a  space  one  mile  in  length ;  but  there  was  so  macb 

iifficnlty  placed  in  his  way  that  he  abandoned  the  attempt. 

The  question  of  improving  the  bar  has  naturally  frequently 

upied  the  attention  of  the  authorities.      Mr.  Eennie,  when 

onsulted,  expreseed  the  opinion  that  the  only  remedy  was  by 
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concentrating  the  whole  enei^  of  the  flood  and  ebb  tid«« 
outfall  by  means  of  training  walls. 

The  present  channel  over  the  bar  having  maintained  a  ps. 
manent  position  for  the  last  twenty  years,  it  was  cunsidend  1^ 
there  existed  a  reasonable  exi)ectation  that  if  it  were  d««p(mj 
by  dredging,  the  increased  depth  would  be  maintained.  T 
Mersey  Docks  and  Harbour  Board,  acting  under  the  advi«e 
their  engineer,  Mr.  G.  F.  Lyster.  therefore  sanctioned  the  < 
penditure  necessary  in  caiTying  out  experimental  operatioei  fa 
this  purpose.  Two  hopper  dredgers  were  fitted  with 
machinery  for  raising  the  sand  and  carrying  it  away,  and  hm 
since  been  employed  on  this  work.  The  lino  selected  Eir 
dredging  was  across  the  crest  of  the  bar  with  the  Fonnbyuj 
Crosby  light-ships  in  lint^>,  and  for  a  .space  1000  feet  in  width  Ij 
3000  feet  in  length.  It  was  estimated  that  the  removal  d 
800,000  tons  of  .-sand  would  effect  a  deepening  of  'a\  feet  beloir 
the  shallowest  place  then  fomid,  giving  17  feet  at  low  w&ut  \i 
spring  tides.  The  operations  were  commenced  in  the  aatunui 
1890.  Up  to  July,  1893,  2^  million  tons  of  sand  had  1» 
removed,  and  an  average  depth  of  20  feet  at  low  spring  tidi 
secured.  The  velocity  of  the  current  through  the  deepened  pait 
had  also  been  increased.  Several  severe  gales  occurred  daiiag 
the  progress  of  the  work  without  apparently  affecting  lis 
increased  depth.  The  amount  expended  in  plant  anil  workiui 
expenses  during  the  first  year  was  £1.5,000.  The  prospect  ofa 
|}ennanent  increase  in  depth  was  considered  by  Admiral  Rictuid^ 
the  marine  superintendent,  and  by  Mr.  Lyster,  so  hopeful  tint 
the  Mersey  Dock  Board  determined  to  spend  a  further  sum  of 
£65,000  in  building  a  dredger  capable  of  carrying  3000  tons,  ud 
in  securing  a  depth  of  30  feet  at  low  water,  A  descriptioa 
this  machine  will  be  found  in  the  chapter  on  "  Dredging." 

The  channel  from  the  bar  up  to  New  Brighton  has  pracUealljr 
remained  unaltered  in  position  and  depth  so  far  as  any  meut 
of  comparison  exist  Above  this  a  large  space  on  the  east  niK 
originally  covered  by  the  tides,  is  now  occupied  by  the  dccb. 
This  enclosure  does  not  appear  to  have  affected  the  condition  of 
the  channels  except  by  a  deepening  to  com|>eusate  for  tlw 
decreased  width.  At  the  upper  end  of  the  narrow  ebannd 
running  past  Liveipool,  a  considerable  shoal  known  as  the 
Pluckington  Bank  extends  out  from  the  east  shore, 
inconvenience  to  the  navigation  and  to  the  approaches  to  the 


louthem  docks.  This  ahoal  consista  of  deposit  covering  a  sub- 
»b:«tum  of  rock.  Captain  Denham,  the  conservator  of  the 
Ifersey,  ascribed  the  formation  of  this  shoal  to  the  deflection  of 
ttie  current  by  the  projecting  rocks  at  Dingle  Point,  causing  an 
»ddy  and  the  deposit  of  material  on  the  ebb  tide.  Thia  bank 
bas  a  tendency  to  increase  in  size,  its  area  having  augmented  in 
Bfty  years  about  80  per  cent,  and  its  cubical  contents  41  per  cent, 
Hany  suggestions  have  been  made  for  its  removal.  The  deposit 
IS  now,  to  a  certain  extent,  kept  under  by  a  series  of  large  shiices 
■applied  from  the  dock,  which  are  opened  at  low  water, 

Opposite  Pluckington  Bank  is  the  Sloyne  Deep,  having  8  to  9 
fathoms  at  low  water,  suddenly  shoaling  to  2J  above  Tranmere  ; 
the  channel  then  deepens  again  to  4^  fathoms  up  to  Eastham, 
Where  is  the  entrance  to  the  Manchester  Ship  Canal.  On  the 
■Cttber  side  of  the  estuary  there  is  also  a  narrow  deep  channel, 
having  4J  to  5  fathoms,  known  as  Garston  Deeps.  Above  this 
the  river  passes  through  a  wide  sandy  estuary  30  square  miles  in 
extent,  of  which  about  27  square  miles  are  uncovered  at  low  water. 
The  highest  part  of  the  sand  is  not  covered  at  neap  tides.  In  the 
lowest  part  of  the  channel  there  is  about  l(i  feet  of  water.  The 
estuary  is  shut  in  by  clitt'a  varying  in  height  from  5  to  40  feet, 
eomposed  of  soft  material,  which  is  continually  being  degraded 
by  the  weather  and  eroded  by  the  tides,  and  being  removed  at 
a  rate,  estimated  by  M,  G.  Hill,  at  one  foot  a  year,  sending  into 
the  estuary  material  to  the  extent  of  about  50,000  cubic  yards  a 
year.  In  addition  to  this,  an  enormous  quantity  of  deposit  is 
brought  down  into  the  estuary,  due  not  only  to  natural  causes, 
but  to  the  sewage  and  refuse  thrown  into  the  rivers  in  the 
manafacturing  places  through  whicK  they  pass.  This  material 
is  carried  down  by  the  ebb  during  freshets,  and  oscillates  back- 
wards and  forwards  with  the  tides,  a  large  quantity,  000,000  .tons 
a  year,  being  carried  into  and  deposited  in  the  docks,  requiring 
constant  dredging. 

From  samples  of  water  taken  from  the  estuary  near  EUesmere 
Port  in  March,  1884,  during  the  equinoctial  spring  tide,  the 
quantity  of  matter  in  suspension  varied  from  20'21  grains  in  the 
gallon  for  the  first  hour  offlood  to  about  half  this,  averaging  12'90 
to  the  time  of  high  water.  At  high  water  alack  the  quantity  was 
5*25  grains,  the  average  up  to  2J  hours  after  high  water  being 
6-04  grains.  As  the  sandbanks  began  to  uncover,  the  quantity 
increased  to  1560  grains,  and  from  4  hours  after  high  water  to 
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2i*«snr  jinr  -fncs:.  idiet  ikE  -^e  aandbaaks  were  uneovering  the 
unamhj  iiic«B8dC  'ix.  M'Si»  ^ojbe,  tJie  arcmge  being  26'9k  He 
iu»Aix.  unsusinr  OL  Tdit  firKid  wae  1601  grams,  and  on  the  ebb 
SS^  ZXOA.  Tiit  2TFgr.  «z  i^  time  these  aamples  weie  ttkai, 
whib  ix.  d;7^'ir«mH9'  eonfiaQKL  no  xam  baring  faUen  for  the 
ycvi^^iiifc  1 1'  fifijt.  -iniic  Sgiix. 

TiH:  mfeTTTi*!.  ill  'rnke  i^pv  «Biuao'  is  ecmtinnallj  shifiuig  its 
yj^z^'jL^  Yziir  frfsBLf-wwsjssr  dKowk  and  the  tidal  cmrentB  not 
uts:hi^  bjoi^  ixis:  skem:  £ik£,  tbe  fhannel  asBomes  a  diSerent 
cir>5ea:c  cfvt?  ictaaxj  firj^ds,  wben  t2ie  fresh  water  previik  orer 
xb^  liiibL  Tiii&  m  1*S9  t2ke  rbaimp]  was  nearly  in  the  eotie 
^A  lijt  *s&!D£sj :  in  1S4£2X  was  on  the  north  side;  in  1831  it  had 
r»5CG7ZKid  v>  litf*  eponre:  in  1S61  it  was  woridng  to  the  sooth, 
hZki  5  resTE  laXfer  wa^  cioae  lEoder  Stankyw  Point.  The  princqal 
^hans^  fiz^  s^iown  Inr  the  dodged  lines  on  the  plan  (Fig:  63> 
III  1  S0<#  iLere  was  a  refx  beayy  down£dl  of  rain,  followed  Ij 
fio<>i%  azjd  the  cba2ix>el  gxadnallr  shifit<ed  fran  the  south  side  d 
tlie  esnsarr  xo  nearir  the  middle  in  1870L  In  1872  the  rainbll 
wa^  ^rxoei^cnalir  beaTv;  the  rhannpl  oontinaed  moTing,  and 
finally  iv^adied  the  north  ade,  running  dose  under  Oglet  Point 
in  1S70,  thuc  having  altered  its  position  nearly  three  miles. 
Duriri;:  this  great  '"fret"  it  was  calculated  that  5,800,000 
cubic  vanlf?  of  sand  were  shifted. 

Th^  depth  of  water  in  the  channel  in  the  upper  estuary  in 
imiDy  places  is  not  more  than  3  feet.  Vessels  of  300  to  400 
tons  can  reach  Ellesmere  Port  at  spring  tides ;  above  this  only 
the  HmalJest  cla&s  of  vessels  can  get  up  to  Runcorn. 

There  is  a  weir  across  the  river  at  Warrington,  but  the  tidal 
influence  extends  up  to  Wookton  Weir,  36i  miles  from  the  bar. 
Neap  tides  do  not  reach  further  than  Fidler  s  Ferry,  8  miles 
lower  down.  Before  the  construction  of  the  Manchester  Ship 
C*aiial,  ordinarj'-  tides  flowed  up  the  Weaver  to  Sutton  Weir,  near 
Fro^lnham,  about  2  miles  above  the  junction  with  the  Mersey. 

1'he  tidal  water  passing  in  and  out  from  the  sea  throt^rb 
the  narrows  above  New  Brighton  is  estimated  at  710  million 
cubic  yards  at  spring  tides,  and  281  millions  at  a  neap  tide. 
T\ui  ordinary  discharge  of  the  upland  water  is  calculated  at 
froin  2^  million  cubic  yards  in  12  hours,  or  ^^  of  the  tidal  flow 
at  spring  tides.  The  estimated  quantity  of  tidal  water  flowing 
in  and  out  of  the  bay  below  New  Brighton  is  738  million  cubic 
yards,   making  a  total  quantity  of  1521  million  cubic  yank 
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i  this  quantity,  from  the  time  of  high  water  to  3£  hours  after, 
■vhen  the  sandbanks  at  the  mouth  of  the  river  begin  to  uncover, 
swo>thirds  of  the  volume  of  the  tidal  water  have  ebbed  away  at  a 
pBlocity  of  about  J  to  a  IJ  knot  After  the  banks  are  uncovered 
imd  the  ebb  water  is  confined  to  the  channel,  the  velocity  increases 
till  the  maximum  of  22  knots  is  reached,  at  IJ  to  ^  of  an  hour 
before  low  water ;  during  this  period,  when  the  maximum 
IPelocity  Js  in  operation,  l(j2  million  cubic  yards  of  water  flow 
[rat  over  the  bar,  or  about  -^  of  the  whole  quantity  discharged, 
?1  tnillion  coming  from  the  upper  estuary,  and  91  from  below 
(^^ew  Brighton.  At  low  water  the  mean  velocity  falls  to  1*9 
^nota  The  mean  sectional  area  of  the  channel  from  New 
brig^hton  to  tlie  bar  is  computed  by  Mr.  Shelford  at  144,000 
pqaare  feet,  the  effective  width  of  the  channel  at  the  bar  being 
£3,200  feet,  which,  with  a  minimum  depth  at  low  water  spring 
feidee  of  11  feet,  would  give  the  effective  area  as  275,200  feet. 

The  rise  of  spring  tides  at  Liverpool,  as  given  in  the  Admiralty 
ftide-tables,  is  27^  feet,  and  of  neaps  20^  feet.  Mr,  Rendel,  from 
observations  made  in  1844,  gives  the  averaye  rise  of  spring  tides 
^bove  the  old  dock  sill  as  19  feet  \  inch,  or  14-37  feet  above 
ordnance  datum ;  the  average  spring  tide  low  water  as  8  feet 
30  inches  below  the  old  dock  sill,  or  13'51  below  ordnance 
Saturn,  making  the  rise  27  feet  lOJ  inches ;  and  the  average 
'Sieight  of  neap  tides  as  11  feet  7  inches,  or  4'91  above  ordnance 
i^tum,  the  range  of  neap  tides  being  13  feet.  The  highest 
iVecorded  tide  given  by  Mr.  Rendel  is  that  of  January  20,  1863, 
l;'^hich  rose  23  feet  -%  inches  above  the  old  dock  sill,  or  19'08 
^above  ordnance  datum,  and  had  a  range  of  32  feet  7  inches. 
~In  very  strong  gales  the  tides  will  be  affected  to  the  extent  of 
Si  feet  The  greatest  velocity  of  the  flood  through  the  narrows 
,  jbe  found  to  be,  at  3  hours'  flow,  6|  miles  an  hour;  and  of  the  ebb, 
mH  2  hours  after  high  water,  7  miles  an  hour. 

High  water  spring  tides,  full  and  change,  occurs  at  Liverpool 
I  «t  11-23. 

The  mean  of  several  observations  made  by  Mr.  Rendel  in 
I  1844,  gave  spring  tides  as  rising  13  inches  higher  at  EUesmere 
i  Tort  than  at  St.  George's  Pier,  1  foot  10  inches  higher  at 
I  Suncom,  1  foot  8  inches  at  Fidler's  Ferry,  and  2  feet  3  inches 
1  at  Warrington.  Neap  tides  rose  8  inches  higher  at  EUesmere 
I  Tort,  11  inches  at  Runcorn,  10  inches  at  Fidler's  Ferry,  and  18 
inches  at  Warrington.     The  mean  of  a  number  of  observations 
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of  the  tides  indicated  that  spring  tides  rose  10^  inches  higher  in 
1873  than  in  1822,  the  level  of  the  ebb  varying  only  1  'vA 
(see  diagrams  of  ebb  and  flood  tides,  Figs.  67  and  68).    High 


d  llH  ihowi  tba  l«««t  of  the  ebb  nt  tlis  b>r  i 


water  was  half  an  hour  later  at  the  Rock  Lighthouse  than  u 
Formby  Point ;  an  hour  later  at  St.  George's  Pier  and  Ellesmen 
Port ;  \\  hour  later  at  Runcorn  and  Fidler's  Ferry ;  and  t\  honis 
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ter  at  Warrington  Bridge.  The  tide  ebbed  2  hours  at  the  bar 
tfore  higli  water  was  reached  at  Warrington,  The  first  of  the 
Dodwasfclt  45  minutes  later  at  St.  George's  Pier  than  at  Form  by 
oint,  or  at  the  rate  of  1333  miles  an  hour ;  313  hours  later  at 
llesmere  Port  than  at  Formby  Point,  or  at  tlie  rate  of  336 
dies  an  hour  betweea  St.  George's  Pier  and  this  place ;  4  hours 
minutes  later  at  Runcorn,  or  at  the  rate  of  8'53  miles  an  hour 
■om  EUesmere ;  5  hours  22  minutes  later  at  Fidler's  Ferry,  or  at 
lie  rate  of  3G0  miles  an  hour  from  Runcorn ;  and  6  hours  3.5 
linut^  later  at  Warrington  Bridge,  the  total  distance  being 
'$J  miles,  or  at  the  rate  of  2  62  miles  an  hour  from  Warrington, 
'he  total  time  occupied  to  Woolston  Weir,  the  limit  of  the  tide, 
iraB  6  hours  35  minutes.  Spring  tides  How  5  hours  20  minutes 
it  Formby,  5i  hours  at  St.  George's  Pier,  3  hours  at  Ellesmere 
*ort,  2J  hours  at  Runcorn,  I+O  minutes  at  Fidler's  Ferry,  and 
iO  minutes  at  Warrington  Bridge. 

The  inclination  of  the  low-water  line  at  spring  tides  during 
ardinary  flow,  say  one  hour  before  low  water,  is  as  follows : — 

WsniQ^tou          ...            ...            ...  —  ...            ...  — 

Fidler'a  Ferry      ...            ...            ...  5J  ...            ...  1'09 

Huumrn               ...            ...            ...  -IJ  ...            ...  Ill 

EllcBmere  Port   ...            ...            ...  71  ...            ...  I'65 

et.  George'i  Pier               8J  0-36 

TlieBar               11  027 

Total      ...  ...      -Mi 

Low  water  ebbs  out  lower  in  the  upper  part  of  the  estuary 
,t  neaps  than  at  springs.  From  observations  made  during  the 
quinoctial  tides  in  March,  IS"*,  low  water  was  found  to  be 
•  feet  lower  at  Warrington  during  a  neap  than  the  previous 
pring  tide  and  4  feet  at  Fidler's  Ferry.  At  Runcorn  it  was  1  foot 
ligher  at  neaps  than  springs ;  at  Ellesmere  it  was  lO  feet  higher ; 
,t  St.  George's  Pier,  8  feet  higher  j  and  at  the  bar,  7  feet  6  inches 
kigher. 

The  Mersey  is  connected  with  the  rest  of  England  by  a 
ystem  of  canals.  The  Leeds  and  Liverpool  canal,  which  joins 
he  river  near  the  docks,  gives  access  to  Leeds,  and,  by  its 
unction  with  the  Aire  and  Oalder  system,  with  the  Humber 
Lud  all  the  centre  and  east  of  England.  The  Shropshire  Union 
sanal  system,  which  permeates  the  potteries  and  extends  into 
Wales  and   up  to  Birmingham,  joins  the  Mersey  at  Ellesmere 


374  TWAL  R/VERS.  ^~ 

Fort,  where  there  are  docks  and  warehouses  for  the  aecomtnods* 
tion  of  it3  traffic  The  river  Weaver,  which  joins  at  Wealoa 
Point,  is  canalized,  its  locks  being  of  sufficient  size  to  admit 
vessels  of  300  to  400  tons,  A  very  lat^e  quantity  of  salt  ft«n 
the  Cheshire  mines  is  conveyed  down  the  Weaver  by  l>4rg«a  to 
Saltport  on  the  Manchester  Ship  Canal,  and  to  the  dodca  at 
Liverpool  The  Bridgwater  Canal,  which  forraerly  ww  the 
principal  means  of  water-communication  between  Liverpo^ 
and  Manchester,  joins  at  Runcorn,  where  also  are  consldei^U 
docks ;  above  Warrington,  where  the  river  was  canalized,  tiie 
Mersey  and  IrweU  navigation  goes  ako  to  Manchester. 

The  Manchester  Ship  Canal,  the  works  for  which  wers 
commenced  in  1887,  enters  the  Mersey  at  Eastham  by  mcana  of 
locks  capable  of  taking  the  largest  class  of  steamers ;  the  canil 
skirts  the  shore  of  the  estuary  to  a  little  above  Runcorn, 
13  semi-tidal  as  far  as  the  first  locks  at  Latchford,  20  miles  fbom 
Eastham.  The  water  in  the  channel  is  maintained  at 
depth  of  20  feet.  At  Eastham  this  is  about  the  level  of 
high  water.  There  are  altogether  four  sets  of  locks  in  additim 
to  those  at  Eastham,  giving  a  total  rise  from  the  water-level  xt 
Eastham  of  GOJ  feet  to  the  surface-level  of  the  docks  it 
Manchester.  The  canal  is  35^  miles  long,  has  a  minimim 
depth  of  26  feet,  a  bottom  width  of  120  feet.  The  large  \atk 
at  Eastham  is  600  feet  long  by  80  feet  wide,  the  second  look 
350  feet  by  50  feet,  and  the  barge  lock  150  x  30.  Ther*  is 
a  clear  heading  under  the  fixed  bridges  of  75  feet  The  troffis 
from  the  Weaver,  the  Bridgwater,  and  the  Shropshire  Unioa 
canals  passes  through  the  canal  and  joins  the  Mersey  at 
Eastham. 

The  first  intention  of  Mr.  Leader  Williams,  the  engineer  of 
the  canal,  was  to  train  and  deepen  a  channel  through  the  centre 
of  the  estuary,  commencing  opposite  Garston,  and  terminaUn; 
a  mile  above  Runcorn,  where  the  fii-st  lock  was  to  be  situated 
and  the  canal  proper  to  commence.  A  single  branch  training 
wall  was  to  commence  at  the  head  of  the  Sloyne  deep,  skirting 
the  shore  up  to  Ellesraere  Port,  whence  the  training  was  to  b* 
continued  by  two  walls  to  join  the  main  channel ;  a  single  branch 
wall  was  also  to  connect  the  main  channel  with  the  Weavff  at 
Frodsham.  From  Weaton  Point  there  was  only  to  be  a 
training  wall  on  the  north  side  to  the  bend  in  the  river  a  mito 
above  Runcorn,   where  the  tidal  locks  were  to  be   placed  on 
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Bbnoor  Marsh.  The  channel  through  the  estuary  was  to  be 
WO  feet  wide  at  the  lower  end,  diminishing  to  400  feet  at 
TestoQ  Point,  seven  miles  up,  and  300  feet  at  Runcorn,  The 
>p  of  the  training  walls  was  to  be  3  feet  below  the  level  of 
eap  tides,  and  the  channel  was  to  be  dredged  ont  so  as  to  give 
2  feet  at  low  water  of  spring  tides,  and  40  feet  at  high  water, 
he  bed  of  the  estuary  was  found,  by  the  borings  taken,  to  consist 
Fsand  for  a  depth  of  about  14  feet,  and  underlying  this  gravel 
nd  clay,  and  in  places  soft  sandstone  rock,  upon  which  the 
wning  walls  would  have  rested. 

This  scheme  was  strongly  opposed  by  the  Liverpool  Dock 
toard  and  others,  the  principal  ground  of  opposition  being  that 
le  proposed  works  in  the  e.stuary  would  have  a  damaging  effect 
ta  the  channel  leading  to  Liverpool  Docks  and  on  the  bar. 
It  waa  contended  by  the  opponents  that  the  continual 
[retting,  and  changes  in  position  which  took  place  in  the  channel 
tetween  Runcorn  and  Garaton  prevented  accretion  and  main- 
ained  the  tidal  reservoir  at  its  fullest  capacity,  and  was  thus 
leneficial  to  the  channel  below  Liverpool ;  that,  if  the  channel 
ras  fixed  in  one  place,  the  sands  would  accrete.and  the  quantity 
if  tidal  water  passing  into  the  upper  estuary  be  lessened  in 
luautity,  and  its  scouring  effect  on  the  bar  be  weakened.  On 
he  other  hand,  it  was  contended  by  the  promoters  that  the 
ixing  of  the  channel  would  not  create  auy  new  material ;  that 
f,  owing  to  the  channel  becoming  fixed,  a  portion  of  the  estuary 
)ecame  higher  and  were  even  grassed  over,  this  would  only  Iw 
he  result  of  a  transposition  of  material,  and  if  it  was  higher  in 
ine  place  it  would  become  lower  in  another ;  that  the  dredguig 
if  the  deep,  wide  channel  necessary  for  the  passage  of  large 
(earners  would  admit  additional  tidal  water ;  that  due  to  this 
mproved  channel  the  low  water  would  be  lowered  and  high 
ii'ater  raised,  admitting  8J  million  cubic  yards  of  extra  tidal 
rater,  in  addition  to  IJ  million  cubic  yards  which  would  lie 
dmitted  into  the  canal  up  to  Latchford ;  that  the  tidal  water 
rould  be  free  from  the  deposit  now  sent  into  the  channels  by 
he  continual  fretting  of  the  sands,  and  would  therefore  be  in 
he  most  effective  form  for  carrying  ont  of  the  estuary  the 
letritus  brought  down  the  upper  rivers  in  floods,  and  also  that 
iue  to  the  erosion  of  the  cliffs;  that  the  result  would  be  that, 
nstead  of  a  shallow  channel  trailing  over  a  maze  of  sands, 
there   would    be    a    deep,   regulated,  energetic  current,   acting 
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ftlTvays  along  tbe  same  line  both  at  flood  and  ebb ;  aod  Uul, 
the  volume  of  water  flowing  up  and  down  thin  d«eporaUr 
chamiel,  combined  with  the  greater  ran^  of  the  tide,  wouU  ' 
more  likely  to  have  a  Vieueticlal  scouring  eSect  on  the  lowo' 
channel  and  on  the  bar  than  the  present  wandering  cbi 
with  its  tidal  water  loaded  with  deposit  from  the  fretting  of  tb* 
sands ;  that  under  present  conditions,  wlieu  fretting  is  going 
on,  the  ebb  transports  a  large  quantity  of  matter,  either  in 
suspension  or  by  rolling  aloag  the  bottom,  which  is  carried  ts 
the  bar,  where  the  strength  of  the  current  is  unable  to  lift  il  19 
over  the  ridge,  and  that  it  consequently  accumulates,  decreanng 
the  depth  of  water;  that,  as  a  matter  of  fact,  the  depth 
water  over  the  bar  has  always  been  less  after  heavy  land  doodi 
The  influence  brought  to  bear  by  the  Liverpool  Dock  Bo«4 
and  the  fear  of  any  risk  of  damaging  the  access  to  Liverpaa 
were  sufficient  to  prevent  the  promoters  obtaiiking  Parliaiuvnt 
sanction  to  this  scheme,  and  they  therefore  brought  forward 
present  plan,  which  practically  leaves  the  tidal  conditions  of  lla 
estuary  untouched. 

The  docks  at  Liverpool  extend  over  a  frontage  along  tbc 
Mersey  of  6  miles,  and  for  a  width  varying  from  700  to  220Q 
feet,  and  cover  about  381  acres.  There  arc  also  docks 
Birkenhead  on  the  Cheshire  side  of  the  river,  and  at  Gantoai 
the  latter  belonging  to  the  London  and  North  Western  Rulvaj 
Company, 

The  first  dock  was  cunstructed  at  Livei-pool  in  1708.  Tfcl 
'■  Old  Dock  "  was  4  acres  in  extent,  and  was  designed  by  lb 
Thomas  Steer  to  accommodate  100  vessels,  affording  a  depth  gl 
10  feet  at  neap  tides.  This  dock  has  been  filled  up,  but  its  dl 
still  forms  the  datum  for  all  tidal  records  in  the  Mersey,  and  il 
4"67  below  ordnance  datum.  Tlie  total  area  of  water-space 
the  Liverpool  and  Birkenhead  Docks  is  5iG  acres,  and  the  leoglll 
of  quays  35  miles.  The  lock  of  the  Canada  Dock  is  the  largMl 
at  Liverpool,  and  is  498  feet  long.  100  feet  wide,  and  has  S) 
feet  on  the  sill  at  spriug  tides.  The  Hornby  and  Alexamllt 
and  Langton  Docks  are  less  in  size,  but  have  about  4  feet  ma 
water  on  the  silL  The  largest  entrances  at  Birkenhead  Duel 
are  the  same  size  as  those  at  Liverpool.  Considerable  enlarg* 
ments  of  some  of  the  principal  locks  are  being  made  at  tbt 
present  time. 

The  number  of  vessels  paying  dues  to  the  Mersey  Docks  uj 
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Karbour  Board  in  1801  was  22,77o,  liaving  a  total  tonnage  of 
^772,506  tons.  The  receipts  of  the  trust  were  £1,110,057.  The 
ntstanding  loans  amount  to  over  17  miHioiis  of  money. 

"The  Deposits  in  the  Mei'sey."  by  Captrin  Denham,  British 
ksaociatioQ,  1837 ;  "  Report  on  the  Slersey  and  Irwell  Naviga- 
■on,"  by  H.  R.  Palmer,  1840;  "The  Banks  of  the  Mersey."  by 
Soutt,  British  Association,  1856;  "The  Mersey  and  its  Estuary," 
V3  J.  M.  Shoolbrod,  Proc.  Hat  C.E.,  1876.  vol.  xlvi. ;  "  The  Bar 
»f  the  Mersey,"  by  W.  Shelford.  British  Association,  Manchester, 
t»87;  Evidence  Manchester  Ship  Canal  Bill.  1833-1885  ;  "Recent 
[)ock  Extension  at  Liverpool,"  by  G.  F.  Lyster,  Proc.  Iiiat. 
":.£..  IS&O.  vol.  c 

The  Dee. — Neither  the  size  of  this  river,  the  extent  of  the 
BTorks  which  liave  been  can-ied  out,  nor  the  trade  which  has 
resulted  therefrom,  would  warrant  an  account  of  what  has  been 
Jone;  but  the  Dee  has  been  so  frequently  quoted  as  an  instance 
3f  the  damage  that  has  resulted  to  a  tidal  channel  by  combining 
reclamation  with  river  improvement,  and  thus  decreasing  the 
(jdal  area,  that  it  may  prove  instructive  to  trace  out  the  natural 
ieatnres  of  this  river,  the  treatment  it  has  received,  and  its 
present  condition. 

The  Dee  is  85  miles  long,  and  drains  862  square  miles.  The 
tidal  flow  is  arrested  at  Chester  by  a  weir,  the  crest  of  which  is 
eleven  feet  above  the  bed  of  the  river,  over  which  the  tidal 
water  can  partially  flow  at  spring  tides,  making  the  tidal 
influence  felt  about  seven  miles  above  Chester ;  but,  bo  far  as 
the  tidal  run  has  any  effect  on  the  eatuary.  it  may  be  considered 
as  ending  at  Chester,  2.5  miles  from  the  bar  in  Liverpool  Bay. 

At  Connagh's  Quay  the  duration  of  the  flood  is  2  hours 
5  minutes,  and  of  the  ebb  10  hours  23  minutes;  the  average 
rise  of  springs  is  14  feet,  and  of  neaps  (Ji  feet.  At  Chester  it 
is  high  water  53  minutes  later  than  at  Liverpool.  A  high 
itpring  tide  rises  12  feet,  and  an  ordinary  spring  tide  10  feet. 
The  duration  of  the  flood  is  2  houra,  and  of  the  ebb  10  hours. 

The  flood  tide  sets  up  the  river  with  a  bore,  which  com- 
laences  about  a  mile  below  Connagh's  Quay,  and  attains  its 
greatest  height  of  two  feet  at  Sandy  Croft.  It  moves  at  the 
rate  of  8  miles  an  hour. 

In  its  natural  condition  from  Chester  down  to  Flint  (see  Fig. 
B9)  the  channel  ran  through  an  open  tidal  estuary,  9  miles 
long  and  about  2  miles  wide,  over  which   it  was  continually 
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changing  its  course,  at  one  time  running   close  to  the  east 
Lancashire  shore  and  at  other  times  changing  to  the  other  d 
of  the  estuar^'.      Below  Flint  the  channel   run«  for  10  miln 
through  an  open  sandy  estuary  to  Liverpool  Bay.     For  atNjtf 
4  miles  of  ita  course  it  is  divided  into  two  low-water  chsnn^ 
The  width  of  the  estuary  at  the  lower  end  from  Belbi 


V 


Island  to  the  coast  above  the  Point  of  Air  is  about  4}  uiilvs  ■ 
high  water.  The  width  of  the  estuary  decreases  verj-  regulail 
to  1}  mile  at  Barton  Head,  ten  miles  up,  or  at  the  rate  ( 
1584  feet  per  mile.  The  low-water  channel  is  not  well  deGnfl 
owing  to  the  water  being  divided  into  two  courses,  but  takii 
it  to  the  point  where  the  two  channels  unite,  4  miles  above  tJ 
Point  of  Air,  the  rate  of  decrease  is  about  1 150  feet  per  n 
for  the  6  mites  above  this  the  decrease  is  at  the  rate  of  14 
feet  per  mile. 

The  rise  of  tide  is  very  great  at  the  bar,  being  25  feet  I 


innings,  and  32  feet  at  equinoctial  springs,  and  19  feet  at 
peaps.  The  rate  of  the  flood  stream  in  Moatyn  Deep  is  about 
B  knots. 

Iq  the  reign  of  Queen  Ellizabeth  a  harbour  was  made  at 
jPark^te,  on  the  east  side  of  the  estuary,  about  12  miles  below 
Cheater,  the  channel  at  that  time  passing  this  part  of  the  coast. 
This  port  was  the  limit  for  seagoing  vessels,  and  I>ecame  one  of 
the  principal  places  of  delivery  for  boats  trading  between  this 
country  and  Ireland.  It  is,  no  doubt,  owing  to  the  existence  of 
this  harbour  and  the  trade  done  there  that  a  gicat  deal  of  error 
tan  arisen  in  comparing  the  former  trade  of  the  Dee  with  that 
iphieh  existed  after  the  river  works  were  carried  out,  a  com- 
jjarison  being  drawn  between  the  vessels  which  formerly  traded 
€o  Parkgate  with  those  which  subsequently  went  up  to  Chester ; 
And  also  to  the  fact  that,  owing  to  the  permanent  diversion  of 
*he  river  to  the  west  side  of  the  estuaiy,  the  harbour  at  Park- 
gate  became  silted  up,  and  Flint  on  the  opposite  side  of  the  river 
[Cook  its  place. 

The  condition  of  the  navigation  of  this  river  in  1674  is 
described  by  Andrew  Yarranton  in  his  "England's  Iinprove- 
anent  by  Sea  and  Land,"  as  being  choked  with  sands  so  that  a 
"Teasel  of  20  tons  could  not  get  up  to  Chester,  and  that  ships 
"vere  forced  to  lie  at  Neston  {near  Parkgate,  11  miles  below 
4!!hester),  in  a  very  bad  harbour,  whereby  they  received  much 
-damage ;  and  navigation  was  so  uncertain  and  changeable  that 
"trade  at  Chester  was  much  decayed  and  gone  to  Liverpool, 
Twenty-six  years  after  this  the  Coiporation  of  Chester  obtained 
an  Act  of  Parliament,  giving  them  powers  to  improve  the  river, 
the  preamble  of  the  Act  stating  that  the  navigation  was  almost 
lost  and  destroyed.  The  intention  of  the  proraotera  of  the 
scheme  was  to  make  the  channel  navigable  for  ships  of  100 
I  tons,  which  would  require  a  depth  of  10  feet  at  high  water  of 
1  spring  tides.  This  Act  was  allowed  to  lapse,  and  nothing  was 
done  to  improve  the  river.  Ten  years  later  Nathaniel  Kinderley 
surveyed  the  river,  and  submitted  a  scheme  for  its  improvement, 
which  relied  to  a  great  extent  on  the  land  to  bo  reclaimed  from 
the  estuary  for  the  repayment  of  the  outlay  to  be  incurred. 
The  Corporation  did  not  see  their  way  to  take  up  the  acheme, 
and  the  Dee  Keclamation  Company  was  foniied  in  1732,  and 
obtained  Parliamentary  powers  to  deal  with  the  river  and 
embank  and  appropriate  such  ]x>rtions  of  the  reclaimed  land  as 
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nt  that  time  were  not  gi'asa  marsh,  on  condition  tliat  the 
cliannel  should  have  a  depth  of  16  feet  at  high  waUr  up 
Chester.  The  company  arranged  with  Kinderley  to  raise 
money  and  carry  out  the  work.  Kinderley  made  a  new 
for  the  river  through  the  gi-ass  marshes  from  Chester  to  •  t 
airove  Connaghs  Quay,  diverting  its  course  to  the  we»t  cr 
Cheshire  side.  The  length  of  the  new  cut  was  5J  mileij,  Th 
channel  was  comlined  to  its  course  on  the  west  side  ti^  ■ 
longitudinal  wall  'A\  miles  long,  conimenciug  *2}  miles  )<elaw 
Chester,  On  the  east  side  a  continuous  bank  was  made  froa 
(.'hester  downwards.  The  river  was  turned  into  the  new  chaasd 
in  1737.  As  the  land  became  fit  for  reclamation  the  banks  w«n 
raised  so  as  to  exclude  the  tide,  and  the  whole  of  the  land  (b 
both  sides  down  to  Connagh's  Quay  was  reclaimed  and  nude 
available  for  cultivation. 

A  great  deal  of  opposition  was  raised  to  the  scheme,  on  Uk 
ground  that  the  exclusion  of  the  tidal  water  by  the  recUmatka 
would  injuriously  affect  the  navigation  through  the  lower  put  of 
the  estuary,  the  quantity  thus  excluded  being  estimated  by 
Mackay,  who  was  employed  Vjy  the  opponents  to  make  a 
survey  of  the  estuary,  at  "  no  less  than  two  hundred  miUiont 
of  tons  of  tide  which  will  be  prevented  from  flowing  twice  ia 
24  hours." 

A  space  varying  in  width  from  (!C0  feet  at  the  apper  end; 
about  1500  at  the  lower,  was  left  between  the  banks.    This 
was  subsequently   contracted   by  fifty   groynes,  placed  on 
west  side  at  right  angles  to  the  channel,  and  averaging  &om| 
to  10  chains  apart. 

The  channel  is  now,  at  low  water,  220  feet  wide  st  Chi 
increasing  to   290  feet  a   little  below   Queen's  Ferry,  about 
miles  down;  it  theu  widens  out  to  over  450  feet  for  the 
-')  miles  to  the  end  of  the  training  walls,  after  which  the  l( 
^^'atcr  channel  contracts   to  aliout  half  thia   width  along 
Causeway. 

In  determining  the  width  to  be  given  to  the  cl 
Kinderley  was  no  doubt  more  influenced  by  the  room  requlnd 
for  a  sailing  vessel  to  turn  up  the  channel  than  by  the  actuii 
requirements  of  t!ie  tidal  flow  or  of  the  Iresh-water  ebb. 

The  sum  of  £80,000  was  spent  on  the  river  diversjun  is 
training  and  reclamation  works,  and  4000  acres  of  land  w«i 
reclaimed  by  the  comjiany,  and  3000  acres   by   the  frootagsi 


IThe  rental  value  of  the  4000  acres  enclosed  by  the  company 
"WHS  put  at  £GjOO  a  year  in  1850. 

The  company  received  no  return  on  the  outlay  of  capital 
until  50  years  after  the  works,  were  completed.  Wlien  the  Dee 
.Company  began  their  works,  the  various  shifting  channels  from 
Flint  to  Chester  were  in  such  a  condition  as  to  be  only  navi- 
gable by  small  craft,  vessels  of  any  size  lying  at  Parkgate  and 
discharging  there.  From  Grenville  Collins'  chart  of  1684  and 
Hackay's  of  1732,  it  appears  that  previous  to  the  works  carried 
out  by  the  company  there  was  8  feet  at  low  water  and  20  feet 
at  high  water  of  spring  tides  in  the  navigable  channel  at  Park- 
gate  nearl}'  opposite  Flint,  the  channel  then  being  on  the 
.Ijancashire  side  of  the  estuary;  7  feet  at  low  water  and  19  feet 
jgfcMgb  water  at  Barton  Head,  2^  miles  further  up;  2  feet  and 
■Hbet  at  Saltney ;  2  feet  at  low  water  and  !)  feet  at  high  water 
BPEbeater.  After  the  works  carried  out  by  Kinderley,  the  depth 
Hp  to  Chester  was  increased  to  14  feet  at  high  water.  Although 
this  was  2  feet  less  than  had  been  promised,  and  1  foot  less 
than  was  required  to  enable  the  company  to  take  tolls  from 
the  navigation,  it  was  a  very  decided  improvement  on  the 
condition  of  the  river  before  the  company's  works  were 
completed. 

Telford,  reporting  on  the  river  in  1S17,  found  it  so  improved 
that  he  remarks  that  the  Clyde  at  that  time  had  not  been  ren- 
dered aa  perfect  as  the  Dee.  In  order  to  obtain  a  greater  depth 
than  then  existed,  he  advised  that  a  training  wall  should  be  put 
in  at  the  lower  end  of  the  new  works,  from  Connagh's  Quay  to 
Flint,  in  order  to  make  the  course  more  direct  and  prevent  the 
channel  from  going  over  to  the  east  side  at  Parkgate.  This 
training  wall,  known  as  "  The  Causeway,"  was  commenced  and 
extended  for  about  a  mile  and  a  quarter,  but  it  has  not  since  been 
carried  further.  In  a  report  made  by  Rennie  in  1837,  he  says  that 
the  result  of  the  works  has  been  to  increase  the  depth  of  water 
between  Flint  and  Chester,  giving  an  available  depth  of  from 
14  feet  to  14  feet  6  inches.  This  would  show  a  gain  of  five  feet 
on  the  depth  in  the  channel  before  the  works  were  commenced. 
Below  Flint  he  did  not  find  that  any  improvement  had  taken 
place. 

In  1837  the  depth  of  water  at  low  water  at  Chester  was 
6  feet,  and  spring  tides  rose  13  feet  8  inches ;  at  Flint  high  spring 
'  """  !  23  feet  11    inches,  and  at  the  Point  of  Air  20  feet 
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K  iausb^;  WKf  u^  nsi?  2  fact  9  iK^es  at  Cbcatcr,  10  feet 

11  xttdbif*  «t  Fom^  and  11  fea  4  iadhcs  «  tibe  Baim  of  Aii: 
Tbe^kfxLc/  vttcr  im  tike  riif  fl  la»  v^uied  fromtiaeto 

uu0^  l^nog  wHmmud  to  a  ccrtaim  cxtcai  Igr  die  aiiMMBi  cf 
vaster  cMBiiiig  dovm  in  Ik^Ak,  Oviag  to  die  Aiftmg  riiMirtg 
ol  the  dbaimel  bdor  Flim,  and  die  nut  of  tadal  faadcwiter 
do^  to  tbe  obtmctMi  cviKii  Igr  die  weir  at  Chesler,  the 
mat^aial  maagh*ym  the  fiufizng  ankds  broogiit  up  bjr  the  flood 
tide  aeeomnlates  in  die  rhannri  in  dij  veather,  and  lemain 
until  a  b«arjr  frediet  KOim  it  out  again.  In  ISaO^  at  tlie 
Admiialt J  iiMimnr  held  re^eedng  the  lircr,  it  was  rqwcted 
that  at  that  time  diere  was  at  one  plaee  a  ahoal  in  die  riTir 
whieh  reduced  the  statutable  depdi  of  15  £eei  fay  3  feet, aodii 
other  places  the  depth  was  deSneni  about  1  fboL 

On  the  Admiralty  chart  of  1866,  the  depth  in  the  rhanwil  at 
low  water  is  9  feet  at  Coonagh's  Qnar,  and  16  feet  at  Flint 
The  depth  between  Flint  and  Gkester  remains  abont  the  sune 
as  in  1850.  So  that,  for  a  peiiod  of  upwards  of  150  years  anee 
the  new  cut  was  made,  ahhoogh  the  prcxnised  depth  of  15  feet 
bad  not  been  attained  bjr  a  small  deficiency,  the  navigation  wae 
benefited  by  the  reclamation  works  in  having  a  permanent 
C'liannel  in  place  of  a  shifting  one,  and  an  increased  depth  of  it 
lea«t  5  feet. 

With  regard  to  the  effect  on  the  lower  part  of  the  estosiy 
from  Bart/^n  Head  to  the  bar,  although  fix>m  the  surveys  cf 
Greuville  Collins  in  1C84,  and  Mackay  in  1732,  it  appears  that 
the  navigable  channel  has  considerably  altered  its  course  at  the 
lower  end,  l^eing  shown  at  that  time  as  taking  a  north-easterly 
direction  from  Uelbre  Island  along  the  south-east  of  Hoyle  sand, 
whereas  now  the  main  channel  is  by  Mostyn  Deep,  to  the  west 
of  the  West  Hoyle  Bank,  a  second  channel  going  to  the  east  of 
the  same  bank,  yet  the  navigable  depth  of  water  is,  if  anything, 
greater  than  shown  on  those  charts.  The  depth  on  the  bar  is 
not  given  previous  to  1839,  when  9  feet  was  shown*  Rennie  in 
1837,  and   Scott-Russell  in  1845,  reported  the  depth  as  being 

12  feet.     The  Admiralty  chart  of  1886  shows  15  feet. 

The  shape  of  the  estuary  of  the  Dee,  with  its  gradually  con- 
verging coast-lines  and  the  great  rise  of  tide,  appear  to  render  it 
eminently  adapted  for  the  propagation  of  the  tidal  wave,  and 
for  providing  a  good  deep  navigable  channel  at  small  outlay. 
No  doubt,  if  the  requirements  of  the  navigation  of  the  last 
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Uitury  and  those  of  the  present  day  be  taken  into  consideration, 
lid  channel  is  now  in  a  coiajmratively  worse  condition  than  it 
ras  when  the  reclamation  works  were  carried  out ;  but  against 
bis  must  be  set  the  fact  that  no  works  of  any  importance  have, 
inoe  the  completioa  of  the  reclamation  works  a  century  and 
,  half  ago,  been  carried  out  for  improving  the  channel.  A 
ITkdual  extension  of  the  training  walls  as  advised  by  Telford 
nd  Rennie,  which  could  have  been  effected  at  a  moderate  cost, 
POuld  have  etfected  a  material  improvement  by  cutting  off  the 
iharp  bend  above  Flint,  and  giving  the  ctiannel  such  a  direction 
kB  would  have  taken  it  straight  into  Mo8tyn  Deep.  A  moderate 
nnoont  of  dredging  up  the  centre  of  the  permanent  channel 
ponld  have  been  effected  without  disturbing  the  existing  training 
■rails,  and  would  have  given  the  statutable  depth,  enabling  the 
Conunissionera  to  take  tolls  and  placing  additional  funds  at  their 
j^sposal. 

The  direction  given  to  the  channel  when  the  reclamation 
irorks  were  carried  out  was  opposed  to  all  correct  principles  of 
■iver  hydraulics.  Kinderley  was  no  doubt  driven  to  this  against 
!3iis  better  judgment  by  some  strong  local  influence.  If  the 
:<haimel  had  been  kept  more  in  its  old  course  on  the  Lancashire 
aide,  and  trained  with  a  gentle  curve,  instead  of  having  a  long 
straight  reach  terminating  at  each  end  in  sharp  curves,  the 
Wouring  effect  Iwth  of  the  tidal  and  fresh  water  would  have 
leen  far  more  efl'ective  in  maintaining  deep  water,  and  its 
tnfluence  on  the  lower  reach  have  been  much  greater.  Consider- 
ing also  the  short  tidal  mn  and  limited  drainage  area  of  the  Dee, 
Ihe  low-water  channel  is  too  wide  to  maintain  its  proper  depth 
Fy  BConr.  The  sharp  curves  in  the  permanent  channel  below 
tester  derange  the  action  of  the  flow,  and  add  an  impediment 
o  the  scouring  action.  So  long  as  they  are  permitted  to  remain 
U  their  present  condition  they  must  prevent  any  large  vessel 
eaebing  Chester,  as  the  shai'pest  bend  has  a  radius  of  only  528 
ieet,  and  the  two  others,  less  than  half  a  mile  apart,  of  1089 
.nd  1650  feet  respectively  in  a  channel  of  320  feet  in  width. 
n  fact,  the  Dee  is  an  instance  of  fair  results  obtained  in  spite 
(f  bad  engineering  and  adverse  tidal  conditions  in  the  higher 
wrt  of  the  river ;  and  of  neglect  by  those  in  charge  in  con- 
dnuing  the  works  commenced  to  meet  the  growing  requirements 
>f  the  navigation.  A  comparison  was  drawn  in  1818  by  Telford 
Oetween  the  Dee  and  the  Clyde,  which  at  that  time  was  in 
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favour  of  the  former  river.     The  case  now  U  of  conrse  i 
but,  in  comparing  the  Dee  with  either  the  Clyde  or  tbe  1 
the  amount  of  money  spent  niiii^t  be  taken  into  cooai^ 
On  the  Dee  only  about  £100,000  was  spent,  a  very  BmaU  p 
of  which  was   provided   by   the   navigation   aothorities. 
works  were  carried  out  by  a  company  formed  solely  for  || 
purpose   of  reclamation,  with  a  result  that  the  prodw 
about  7000  acres  of  land  of  excellent  quality,  formerly  \ 
sands,  has  been  added  to  the  national  resources. 

In  1S91,  the  Commissioners,  having  obtained  freiJi  |)0< 
under  an  Act  of  Parliament,  carried  out  a  limited  i 
dredging  in  the  channel,  and  by  this  means  obtained  an  ii 
depth.  In  the  following  year,  after  an  inquiry  held  by  % 
George  Narea,  R.N.,  for  the  Board  of  Trade,  a  certilical«  « 
given  that  the  statutable  depth  of  15  feet  had  been  ocquimt 
and  the  Commissioners  were  accordingly  enabled  to  levy  ti 
on  the  shipping  fur  the  first  time.  For  the  removal  of  Itie  dial 
places  in  the  channel,  Mr.  Taylor,  the  engineer  of  the  tnn 
adopted  the  principle  of  erosion,  and,  by  stirring  up  tlie  d 
and  sand  of  which  they  consisted  by  an  Eroder,  kepi  thw 
sufficiently  alive  to  allow  of  their  being  tran-iiported  out  oftb 
channel  by  the  ebb  currents.  The  depth  of  the  water  wm  tb» 
increased  about  2  feet. 

Tidal  Harbour  Commissioners'  Report  on  the  Dee,  1843  M 
1S46.  Admiralty  Inquiry,  Dee  Navigation  Improvement  18S 
Reports  of  T.  Telford,  1817-1819,  1820-1821,  1823-182C.  ltd 
J.  Eennie,  18.S7 ;  J.  Scott-Russell,  1838;  W.  A.  Provia,  181 
Stevenson,  1830  ;  H.  Robertson,  18+9. 

The  Eibble,  although  a  small  river,  has  occupied  a  lai| 
amount  of  attention  during  the  last  few  years,  owing  to  t 
repeated  applications  which  the  Corporation  of  Preston  found 
necessary  to  make  to  Parliament  for  the  purpose  of  obt 
the  powers  and  for  raising  the  money  required  for  constmcti 
a  large  dock,  and  for  training  and  dredging  the  river;  andd 
to  the  unusual  course  which  was  pursued  of  holding  an  inqd 
by  a  Commission  appointed  by  the  Board  of  Trade  under  powi 
specially  provided  by  a  Parliamentary  committee  as  to  i 
already  executed,  and  as  to  the  practicability  of  i " 
access  to  the  dock  from  the  sea  by  vessels  of  large  tonnage. 

The  Ribble  is  82  miles  in  length,  and  drains  about  880  aqni 
miles.     Its  source  is  at  Kibble  Head,  on  the  moors  in  the  OsT 
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iistrict  of  Yorkshire,  at  an  elevation  of  about  979  feet  above 
the  sea.  It  baa  several  small  tributaries,  which  join  it  in  its 
course  from  the  source  to  Preston.  The  soil  of  its  basin  is  chiefly 
Umestone,  with  gravel  and  sand  at  the  lower  end.  The  tidal 
vater  flows  to  Brockholes  Bridge  at  spring  tides,  about  5  miles 
above  Preston.  Here  it  is  stopped  by  a  natural  weir  of  rock 
Tanning  across  the  bed  of  the  river.  The  tide  also  flows  up  the 
Douglas  and  the  Yarrow  for  about  7  miles.  Below  Preston  the 
riTer  formerly  opened  out  into  an  estuary,  gradually  increasing 
from  ^  to  IJ  mile  in  width  at  Freekleton,  a  distance  of  3J  miles. 
This  portion  of  the  estuary  has  nearly  all  been  enclosed.  Below 
Freekleton  is  a  wide  sandy  estuary  extending  to  the  Irish 
flea,  a  distance  of  13  miles  (see  Fig,  70).  Below  the  River 
Astland  the  estuary  was  originally  over  2  miles  wide,  but  it 
bss  been  reduced  by  reclamation  to  J  mile.  At  the  lower  end, 
between  Southport  and  St.  Anne's,  the  estuary  widens  out  to 
3  miles,  the  increase  being  at  the  rate  of  about  4000  feet  in 
1  mile.  The  area  of  the  estuary  is  57  square  miles,  the  whole 
rf  which  is  covered  with  sand.  These  sands  extend  out  into 
ihe  Irish  Sea  for  about  4  miles  beyond  the  coast-line,  where  a 
nepth  of  from  3  to  4  fathoms  is  reached. 

I  The  Douglas  or  Astland  joins  the  Ribble  about  +  miles  below 
iI*reston. 

I|  The  earliest  chart  that  gives  the  direction  of  the  channels 
nthrough  the  estuary  is  one  published  in  173G.  The  navigable 
tehaimel  at  2  miles  south-westward  of  the  Naze  is  shown  as 
•Varying  from  1 J  to  3  feet  in  depth.  At  this  point  it  split  into 
two  branches,  a  north  channel  going  in  a  westerly  and  north- 
Westerly  direction  to  the  sea,  and  having  from  ^  to  4  fathoms 
l&t  the  lower  end.  This  was  again  split  into  two  channels,  one 
Irunniiig  parallel  to  the  northern  shore,  and  the  other  rejoining 
(the  central  channel.  The  Gut  or  central  channel  was  hardly 
I  defined.  The  south  channel  left  the  central  channel  at  the  bifur- 
ication  of  the  latter  with  the  north  channel,  and  took  a  south- 
I  -westerly  direction  past  Soutliport.  The  centre  of  its  waterway 
■was  situated  1  mile  north-west  of  the  existing  site  of  the  Bog 
Hole.  The  depth  was  from  2  to  4  fathoms  in  the  pools.  The 
central  and  south  channels  were  both  used  for  navigation. 

The  next  chart  is  that  of  Mackenzie,  dated  ITtil.  On  this 
eoundings  are  only  shown  on  the  south  channel,  although  both 
the  Gut  and  north  channel  are  clearly  deflned.     The  maximum 
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sounding  between  Lytham  and  the  bar  ootaide  Sonibport  ii 
4  fathoms,  the  depth  on  the  bar  being  3  feet.  The  diredioQ  of 
the  lower  end  of  the  channel  was  nearly  due  west. 


-■;;c^<;^<  pyx4ij-^_^  ^' 


An  interval  of  sixty-three  years  elapsed  before  the  publicftticn 
of  Brazier's  chart  in  182*.  In  this  chart  the  Gut  or  ceotni 
channel  is  shown  as  the  only  navigable  channel  between  Lythio 
and  the  sea,  the  soundings  varying  from  about  J  to  1  fathom. 
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"be  direction  of  its  seaward  reach  was  west  by  south.  The  south 
hannel  had  become  broken  up  into  numerous  waterways.  The 
Jog  Hule  had  become  the  recipient  of  the  drainage  from  the 
vfossens  outfall,  but  had  lost  its  connection  with  the  Ribble 
rater;  its  width  then  was  500  yards,  and  its  depth  2H  feet. 
Tie  north  channel  had  become  choked  up  with  sand,  which 
xtended  above  Ktw  water  from  the  Blackpool  sliore  to  the  Gut 
bannel. 

A  number  of  charts  prepalred  by  Parker  for  the  use  of  the 
ilots  ruiiuinjr  from  1822  to  ISSi  {(enerally  show  two  navigable 
iiannels,  one  by  the  north  channel  and  the  other  by  Southport, 
je  latter  havinfj  the  deeper  water.  After  IS2C  the  central  or 
rut  channel  is  shown,  but  not  as  being  buoyed  out.  In  1823 
plan  of  the  estuary  was  made  by  Giles,  which  also  shows  a  Gut 
r  centra]  channel. 

The  next  chart  is  that  of  Belcher,  of  ISUti.  The  north 
tunnel  is  shown  as  having  again  opened  out,  and  the  low- 
rater  Gut  channel  to  have  disappeared,  and  the  south  channel 
s  having  a  wide  waterway  to  the  sea,  its  minimum  width  being 

00  yards,  and  its  minimum  depth  i  feet,  with  12  feet  on  the 
uter  bar.  The  north  channel  appears,  however,  to  have  been 
le  main  navigable  channel,  the  depth  varying  from  2  to  3;^ 
ithom^.  The  direction  of  the  seaward  end  was  west-south- 
rest. 

From  the  evidence  given  before  the  Tidal  Harbour  Com- 
lissioners  in  184.5,  it  appeal's  that  there  was  then  a  depth  of 
roro  4  to  5  feet  at  low-water  spring  tides  over  the  bar.  The 
Telson  Buoy  was  then  reported  as  lying  in  7  fathoms,  the  same 
8  it  is  now.  The  main  navigable  channel  at  that  time  was  by 
be  north  channel  and  Oliver's  Heading ;  but  the  Gut  had  existed 
B  a  navigable  channel  before  this,  and  was  reported  then  as 
iiproving.  The  chart  of  llSr)0  shows  the  training  walls  below 
"reston.     The  depth  in  the  channel  at  high-watev  spring  tides 

1  given  as  10  feet  for  the  first  2  miles,  and  13  feet  for  the  next 
4  miles.  Westward  of  the  Naze,  to  a  point  2  miles  below 
lytJiam,  a  high-water  depth  of  from  21  to  27  feet  is  shown, 
'he  Gut  channel  is  shown  as  having  improved,  and  the  Penfold 
bannel  is  shown  as  running  in  a  west  by  south  direction  for 
^  miles,  and  as  having  the  deepest  soundings,  although  not  as 
be  navigable  channel.  The  north  channel  discharged  its  water 
y   Nix's   Hollow   or   Oliver'H    Heading.      Its   upper   end   was 
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inacces^ble  at  low  water,  and  the  maximum  depth  was  4); 
iathoms.  The  soath  channel  la  shown  as  no  longer  having  any 
low-water  connection  with  the  Kibble.  The  Bog  Hole  had 
shallowed  at  its  east  end,  but  the  depth  had  increased  to  a 
maximum  of  43  feet  and  a  minimum  of  19  feet,  with  a  width  of 
800  yards.  The  depth  over  the  bar  of  the  Gut  channel  i 
3  feet  in  the  shoalest  place,  and  G  feet  over  the  remmnder. 

From  the  next  chart,  that  of  Calver  of  1860,  the  Gut  channd 
is  shown  as  the  main  navigable  and  buoyed  channel.  TTrt 
depth  over  the  bar  liad  then  a  minimum  depth  of  one  fathoai 
The  Penfold  chauncl  had  extended  further  up,  and  deepened 
and  joined  the  Gut  channel.  The  north  channel  entered  ( 
sea  by  Oliver's  Heading  in  a  south-west  direction,  and  there  v 
a  depth  of  7  feet  on  the  outer  bar,  and  only  3  feet  in  the  shoaled 
part  of  the  channel.  The  south  channel  had  entirely  disappeared 
The  Bog  Hole  had  increased  its  depth  to  48  feet  over  a  diminished 
width  of  300  feet.  The  water  from  the  Crossens  outfall  had 
foimd  its  way  into  the  Penfold  channel.  From  a  sur\'ey  maJe 
for  the  Board  of  Trade  Commissioners  in  1890,  it  appears  thiit 
the  Gut  channel  shown  on  the  chart  of  ISS2  remains  in  tht 
same  position,  with  soundings  of  from  1  to  19  feet.  The  Penfi^ 
channel  had  maintained  its  former  position  with  greati/ 
increased  depths.  Its  upper  end  had  become  shoaled  by  the- 
deposit  of  dredgings.  The  junction  with  the  Crossens  chanoel 
had  become  enlarged.  Up  to  the  point  where  the  dredgings  bid 
been  deposited  it  was  the  deepest  channel,  the  soundings  Taryiog 
from  4  feet  to  4  fathoms.  The  north  channel  had  continued 
to  deteriorate,  the  sauds  at  the  upper  end  having  risen  7  f«t 
above  low  water.  At  the  lower  end  the  depth  varied  from  2 
11  feet,  the  channel  joining  the  sea  aa  before  by  Nix'a  Hollo* 
The  Bog  Hole  had  decreasetl  in  width  and  length,  but  the  deptk 
had  increased  to  57  feet. 

The  jiositiona  of  the  channels  in  this  estuary  have  been  given 
in  detail,  as  they  a3brd  an  Illustration  of  the  fact  alluded  toil 
a  previous  chapter,  of  the  ability  of  channels  in  sandy  ^tuaiiei 
to  maintain  tlieir  position  when  undisturbed  by  artificial  e 
So  long  as  the  estuary  remained  in  its  natural  condition  thtil 
were  two  principal  channels,  one  on  each  side  of  it,  a  condition 
generally  in  operation  in  a  large,  wide  estuary.  When  the  sha^ 
was  altered,  by  the  enclosure  of  land  at  the  upper  part,  and  tl 
leatuary   brought  more   to  a   triangular    shape,   the   two   sk 
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I  gradually  to  give  place  to  a  central  channel,  and 
diange  was  further  aided  by  the  training  of  the  river  for 
44  miles  below  Preston,  and  by  the  concentration  of  a  larger 
Tolmne  of  tidal  water  through  the  upper  channel. 

The  side  channel  on  the  south  has  for  some  yeare  past 
entirely  disappeared,  and  tliat  on  the  north  is  being  rapidly 
filled  up,  being  dry  for  a  great  length  at  low  water  at  its 
upper  end.  The  formation  of  the  central  channel  haa  been 
hindered  by  the  deposit  of  dredgings  in  the  natural  and 
immediate  direction  in  which  it  was  working  into  the  main 
upper  channel.  Consequently,  at  present  it  ia  split  into  two, 
tiut  both  of  these  are  better  for  navigation  than  either  of  the 
old  channels,  and  the  depth  of  water  taken  throughout  in 
the  Penfold  or  southern  one  is  much  greater  than  in  either  of 
the  old  chanueb. 

The  reclamation  of  a  large  area  of  land,  and  consequent 
exclusion  of  tidal  water,  accompanied,  as  it  has  been,  by  an 
improvement  and  deepening  of  the  upper  reach  of  the  river,  has 
not,  then,  in  this  case  had  the  effect  of  injuring  the  navigable 
channel  or  of  lessening  the  depth  of  water  over  the  bar.  On 
the  contrary,  the  navigable  depth  throughout  the  lower  estuary 
is  now  greater  than  it  was  formerly,  and  the  depth  over  the  bar, 
which  at  one  time  was  only  3  feet  in  the  shoalest  place,  is  now 
6  feet  at  low  water  of  ordinary  spring  tides. 

The  Bog  Hole  also  affords  a  remarkable  example  of  a  blind 
channel  which  maintains  a  great  depth  solely  by  the  aid  of  the 
tidal  currents.  This  was  formerly  the  outfall  of  one  of  the 
principal  branches  of  the  Ribble  channel,  but  for  several  years 
all  connection  between  the  Bog  Hole  and  the  Ribble  has  ceased. 
Although  it  has  decreased  in  width,  its  depth  has  increased,  and 
it  has  new  9  fathoms  at  low  water. 

Before  the  first  improvements  were  made,  vessels  trading  to 
the  port  had  to  lie  at  Lytham  and  discharge  their  cargoes  into 
barges.  Floods  which  came  down  the  river  off  the  moors 
caused  very  heavj'  freshets,  causing  the  water  to  rise  12  feet, 
and  running  at  the  rate  of  7  miles  an  hour.  The  bed  of  the 
river  was  li  feet  higher  at  Preston  than  at  Lytham,  a  rise  of 
16  inches  in  the  mile.  A  spring  tide  whicli  rose  14  feet  at 
Lytham  only  just  reached  Preston ;  after  the  upper  reach  of  the 
river  had  been  straightened  and  deepened,  a  spring  tide  which 
rose  li)  feet  at  Lytham  rose  G  feet  at  Preston,  and  a  neap  tide 
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rinng  14  feet  at  Lytbam  did  not  reach  Preston.  After  tbc 
removal  of  a  ridge  of  rock  which  ran  across  the  efaanoiel  Ixlav 
Preston,  and  the  oonstraction  of  the  truniog  walls,  tbe  bv- 
water  level  at  Preston  was  reduced  7  fe^et,  and  the  tidal  nnp 
increased  to  13  feet  at  spring  tides,  and  7  feet  at  iMpt, 
allowing  vessels  drawing  1+  feet  to  reach  tJie  (loara.  TV 
propagation  of  the  tidal  wave  has  also  ad%'anced  an  hoar. 

The  works  recently  carried  out  have  still  further  deprewd 
the  low  water,  making  a  total  increased  range  of  15  feet  6  ineiw 
at  Preston,  the  range  at  Lytham  having  incre&seil  to  tt  fwt 
^  inches,  ami  a  total  increase  in  the  advance  of  the  tide  at 
PrMton  of  two  hours.  The  first  of  the  flood  of  a  spring  tide 
"  VOW  takes  2  hours  12  minutes  to  reach  from  the  bar  to  Lytham, 
kdA  2  hours  from  Lytham  to  Preston,  or  at  the  rate  of  v)j  miles 
an  hour  in  the  first  reach;  3  hours  50  minutes  from  Lyth&mto 
Freckleton ;  and  4  hours  50  minutes  from  Freckleton  to  Preston. 
High  water  i.i  34  minutes  later  at  Preston  than  at  the  bar,  ■ 
rate  of  propagation  of  28  miles  an  hour.  The  duration  of  the 
tide  at  Preston  is  2  hours  27  minutes,  and  at  Lytharo  3  bonn 
42  minutes.  This  is  more  clearly  shown  on  the  tidal  diajjraiD, 
Fig.  71.  Tlie  level  of  high  water  at  Preston  is  about  6  inches 
higher  than  at  the  bar.  The  inclination  of  the  low-water  line 
from  Preston  to  Frecldeton  is  070  foot  per  mile;  from  Freck- 
leton to  Lytham,  082  foot ;  and  from  Lytham  to  the  bar,  O-SO 
foot.  The  reverse  inclination,  of  the  tidal  line  at  half-flood,  b 
1'60  foot  per  mile  for  the  upper  reach,  094  foot  for  the  middle, 
and  070  for  the  lower,  diminishing  at  one  hour  before  hi^ 
water  to  109  foot,  0  2S  foot,  and  0-24  foot  in  the  mile. 

The  levels  of  high  and  low  water,  as  adopted  by  the  Board  tt- 
Trade  ComraissionerR,  are  r  high  wator  of  oi-dinary  spring  tides 
at  St.  Amie's,  1363  feet  above  Ordnance  datum ;  low-water 
spring  tides,  1237  feet  below;  making  the  range  26  feet  At 
the  bar  the  range  is  1  foot  6  inches  greater  for  an  ordinaqr 
spring  tide.  Neap  tides,  816  feet  above  Ordnance  datum;  low 
water,  684  feet  below ;  making  the  range  15  feet.  The  level rf 
the  dock  sill  is  1412  feet  below  Ordnance  datum,  and  the 
of  the  bar  11)  feet  below. 

The  ordinary  fresh-water  daily  discharge  of  the  Ribbl«  it 
estimated  at  7,484,444  cubic  yards,  and  the  column  of  tidal 
water  passing  up  and  down  the  channel  at  73,713,366  cubic 
yards,  making  the  tidal  water  about  ten  times  as  great  as  tht 
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freah  water.     Of  the  tidal  water,  the  Astland  contribnte  almil 
one-third  of  the  total  quantity. 

In  1806  an  Act  was  obtained  by  a  Company  of  Proprutu^ 
with  [x>wer  to  improve  and  buoy  the  channel,  and  take  tdi 
Under  their  direetiona  a  number  of  jetties  were  pat  in  betwtn 
the  Naze  and  Preston,  with  the  object  of  straightening 
deepening  the  river,  and  reclaiming  the  marsh  land  in  thii  put 
of  the  estuary.  The  works  did  not  prove  a  success,  uxl  tbi 
Company  got  into  debt  to  the  extent  of  £4000.  A  new  coiii|aBf 
was  formed  in  1837,  with  a  capital  of  £22,000.  and  Mhs 
powers  were  obtained  in  1853.  Under  Mr.  Stevenson's  dinotiia, 
a  dam  of  sandstone  rock,  half  a  mile  below  Preston,  300  jwdi 
long,  which  rose  above  the  bed  of  the  river  from  3  to  5  fert,  od 
containing  30,000  cubic  yards,  was  removed  by  blasting  ml 
dredging ;  800,000  tons  of  gravel  were  also  dredged,  and  7)  miki 
of  rubble  stone  training  walls  (including  both  sides)  put  in;  tlN 
cost  of  these  works  being  £47,000.  Quay  walls  were  pot  in  at 
Preston,  and  a  lighthouse  erected  at  St.  Anne's. 

The  rock  was  excavated  inside  a  cotfer  dam,  consisting  d 
two  rows  of  iron  rods  3  feet  apart,  jumped  15  inches  into  ths 
sandstone  rock.  On  the  outside,  three  timber  walings  on  each 
side  were  fastened  to  the  iron  rods  by  bolts  passing  through  ^ 
dam,  and  the  inside  was  lined  with  plank.s,  the  space  tetwett 
being  filled  with  clay  puddle.  The  dam  was  strutted  vrith 
raking  shores  on  the  inside.  The  maximum  head  against  the 
dam  was  16  feet;  the  depth  of  the  rock  excavated,  13  fett 
6  inches. 

The  training  walls  were  put  in,  having  their  top  about  4  feet 
above  the  then  low-water  mark,  and  300  feet  wide  at  the  ti^ 
increasing  to  370  feet  at  the  lower  end.  These  walls  only 
extended  as  far  as  the  Naze,  4^  miles  Iwlow  Preston.  Any 
further  extension  was  opposed  by  the  landowners  on  both  odes 
of  the  estuary,  on  the  ground  that  such  extension  might  havt 
an  injurious  effect  in  diverting  the  water  from  the  soathen 
course  across  the  sands,  and  so  ultimately  lead  to  the  silting  op 
of  Bog  Hole,  which  gives  the  only  water  in  front  of  Soutbport  tL 
low  tide ;  and  by  those  on  the  north  side,  on  the  grouod  tt 
injury  to  the  north  channel. 

The  effect  of  these  works  was  to  depress  the  low-water  levi 
6  feet  B  inches  at  Preston,  and  advance  the  arrival  of  the  tidt 
one  hour,  and,  by  thus  giving  a  greater  range  of  tide,  allowiiy 
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nasela  of  from  12  to  13  feet  draught  to  reach  the  quay  during 
^ring  tides.  The  tonnage  of  the  port  did  not  by  any  means 
increase  in  proportion  to  that  of  the  size  of  the  town,  the 
(ntnage  in  1882  l-eing  returned  as  28,000  tons. 

In  1882  the  Corporation  of  Preston,  who  had  a  large  interest 
in  the  Navigation  Company,  obtained,  on  the  strength  of  a  report 
made  by  Sir  J.  Coode,  Parliamentary  powers  to  purchase  the 
irhole  of  the  rights  of  the  Ribble  Navigation,  for  the  sum  of 
iE7S!,500,  which  included  a  large  tract  of  reclaimed  land,  the 
navigation  rights  alone  being  put  at  £18,759.  They  were  also 
anthorized  by  the  Act  to  construct  a  dock  of  36  acres  at  Preston, 
Wd  to  dredge  the  channel  between  Lytham  and  Preston,  so  as 
[to  give  a  depth  up  to  the  dock  at  high-water  spring  tides 
pnfficient  for  large  steamers;  and  to  extend  the  training  walls 
wj  miles  further  into  the  estuary.  The  amount  authorized 
[ko  be  borrowed  for  these  works  was  ,£G50,000,  Subsequently 
]^be  size  of  the  dock  was  increased  to  40  acres,  a  tidal  basin  of 
:4J  acres  was  added,  and  the  sill  made  2  feet  6  inches  lower  than 
rathe  original  design.  It  was  also  intended  to  dredge  the  river 
18  inches  deeper  than  the  first  scheme.  These  additional  works 
«dded  to  the  original  estimate  a  further  sum  of  £.510,000.  The 
■am  authorized  to  be  expended,  under  Acts  obtained  in  1888, 
1889,  and  1890,  was,  however,  only  £321,000. 

The  contract  for  the  dock,  river  diversion,  and  training  walls 
was  taken  by  Mr.  Janiea  Walker  for  £+56,000.  The  engineera 
for  the  Corporation  were  Messrs.  Garlick  and  Sykes,  who  had 
previously  acted  for  the  Company  of  Proprietors.  Sir  John 
Coode  prepared  the  Parliamentary  plans,  and  supported  the 
scheme  in  Committee.  The  works  were  afterwards  taken  charge 
of  by  Mr.  Benjamin  Sykes,  and  were  carried  out  to  completion 
hy  him,  the  dock  being  opened  in  1892. 

The  dredging  was  carried  out  by  the  Corporation  under  the 
direction  of  Mr.  Sykes.  Two  powerful  dredgei^s,  each  capable 
of  raising  300  tons  of  boulder  clay  an  hour,  with  barges  and 
tngs,  were  purchased  at  a  cost  of  £37,068  for  the  two  dredgers, 
ud  £46,672  for  the  two  tugs  and  twelve  barges.  The  training 
irall  on  the  south  side  was  extended  to  about  a  mile  below 
Lytham,  the  stone  excavated  from  the  dock  being  used  for  the 
nirpose.     The  north  wall  has  also  been  extended  to  some  dis- 

I below  the  mouth  of  the  Astland.  The  top  of  the  old 
ras  made  15  feet  a>K)ve  Ordnance  datum  at  Preston,  and 
\    
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10  feet  at  the  Naze.    The  continuation  of  the  walls  has  beeo 
carrieil  on.  commencing  at  the  same  height,  and  lowering  to  the 
level  of  Onlnance  datum  at  the  termination  below  LythMj. 
Low  water  of  spring  tides  is  3  feet  below  Ordnance  datum  fX 
the  Naze,  and  10  feet  below  at  the  end  of  the  walls;  neap  tides 
are  8  feet  above  datum.    The  top  of  the  walls  is  thus  13  feei 
above  low  water  and  2  feet  above  neap  tide  level  at  the  Na«, 
and  10  feet  above  low  water  and  8  feet  below  neap  tide  level  ai 
the  termination.     The  walls  are  300  feet  apart  at  the  top  new 
the  dock,  and  370  feet  at  the  Astland,  a  rate  of  divergence  of 
20  feet  in  a  mile.     Under  the  Act  of  1883,  it  was  intended  to 
dredge  the  river  down  to  the  level  of  the  dock  sill  as  then  shown. 
Sulvseijuently  it  was  proposed  to  lower  it  2  feet  more,  so  as  to 
bring  it  to  the  level  of  the  sill  as  now  laid,  with  an  inclinaticmat 
the  rate  of  3  inches  in  the  mile,  the  width  at  the  bottom  to  be 
300  feet.     The  total  quantity  of  material  to  be  removed  wis 
3.G11,U00  cubic  yards,  including  20,000  yards  of  rock,  and  1} 
millions  of  hard  marl  and  boulder  clay.     It  was  estimated  thit 
two-thirds  of  the  sand  overlying  the  clay  and  between  the  bi^ 
haixl  riiigi^s,  amounting  to  2f  million  yards,  would  scoxur  aw»y 
as   the  clay  bars  were  removed.     The  cost   was  estimated  at 
£282.497,  or  alH>ut  12'87(?.  per  yard. 

Tlie  divil^in^  was  commenced  at  the  increased  depth,  but 
the  lino  has  siiuv  boon  raised  to  the  original  level  of  1883,  and 
tho  width  diminished  to  200  feet. 

Very  considerable  opposition  having  arisen  €is  to  the  large 
increase  of  expenditure  over  the  original  estimate,  and  state- 
ments having  been  made  that  when  the  dock  was  completed 
it  woulil  be  impossible  to  maintain  a  navigable  waterway  to  the 
sea  of  surtieient  depth  for  large  steamers,  the  matter,  after  being 
fought  out  before  the  Parliamentary  Committees  of  three  sessions, 
was  linally  ivferred  for  report  to  a  Commission  appointed  by 
the  Board  of  Trade,  consisting  of  Sir  George  Nares,  Sir  Charles 
Hartley,  and  Mr.  Wolfe  Barry.  The  main  question  in  dispute 
was  as  to  the  practicability  of  maintaining  a  deep-water  channel 
from  Preston  to  the  sea,  this  being  further  complicated  by  con- 
Hicting  opinions  as  to  which  of  the  three  existing  courses  should 
be  adopted  as  the  navigable  channel.  Sir  John  Coode,  when  he 
prepared  the  original  Parliamentary  plans,  selected  the  central 

Gut  channel  as  the  course  to  be  improved.     Subsequently  Mr. 
es  Abemethy,  who  was  called   to  advise  as    between  the 
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btporation  and  their  opponents,  advised  the  adoption  of  the 
lOrtb  channel,  following  the  line  o£  the  present  channel  past 
It  Anne's,  but,  instead  of  joining  the  Irish  8ea  by  means  of 
)liver's  Heading,  continuing  in  a  north-westerly  direction 
through  the  Crusader  Bank  past  South  Shore  and  Blackpool. 
Dw  Corporation  of  Southport  contended  for  the  opening  out 
jf  the  channel  which  formerly  ran  on  the  south  side  of  the 
Bitaary  and  joined  the  Irish  Sea  through  the  deep  gut  known 
IS  the  Bog  Hole.  Their  contention  was  supported  by  Mr. 
¥emon-Harcourt;  the  central  or  Gut  channel  was  supported 
bf  the  local  engineers,  Messrs.  Garlick  and  Sykes.  Mr.  Alfred 
Siles,  Sir  James  Brunlees,  Sir  A.  Rendel,  Mr.  Deas,  the  engineer 
if  the  Clyde,  the  late  Mr.  J.  Fowler,  the  engineer  of  the  Tees, 
ind  the  author.  It  was  contended  by  the  engineera  advising  the 
itnporation  that  a  careful  study  of  tlie  natural  causes  operating 
1  the  estuary  showed  that,  while  this  channel  had  for  many 
BATS  post  been  improving,  the  other  channels  had  l>een 
ftteriorating — it  was  therefore  fair  to  conclude  that  it  would 
B  easier  to  maintain  deep  water  along  this  course ;  that  the 
ppFoach  from  the  sea  into  a  north  channel  so  near  a  lee  shore 
ll  designed  by  Mr.  Abemethy  would  be  veiy  dangerous,  vessels 
fettering  being  exposed  to  a  beam  wind  during  heavy  gales  from 
he  south-west,  the  prevailing  wind  on  the  coast ;  that  the 
■ntfall  would  requii-e  a  large  amount  of  dredging  to  give  suffi- 
(ent  depth,  a  slow  and  diHicult  operation  in  such  an  exposed 
Huation;  that  when  made  it  would  be  difficult  to  maintain 
leep  water  there,  as  its  direction  was  opposed  to  the  natural 
Bt  of  the  currents;  that  the  tide  on  this  part  of  the  coast, 
Dming  from  the  south-west,  sets  directly  into  the  estuary  of  the 
kibble,  and  the  seveml  outfalls  of  the  channels  all  trend  in  that 
direction,  or  nearly  opposite  to  that  selected  for  the  outfall  of 
lie  noi'th  channel;  that  the  littoral  drift  of  sand  and  shingle 
W8  a  tendency  to  accumulate  in  the  direction  of  the  strongest 
*ales  and  the  set  of  the  tides,  and,  being  here  stopped  by  the 
ioaat-line,  would  tend  to  drift  into  and  form  across  the  mouth 
if  this  north  channel;  that  the  north  channel  from  Lytham  to 
tt.  Anne's  had  also  been  shoaling  for  several  years,  the  depth 
laving  diminished  from  (!  and  7  fathoms  to  '2 ;  and  that  it  would 
ke  dependent  solely  on  the  scour  obtainable  from  only  one  side 
(f  the  estuary.  The  advantages  claimetl  for  the  north  cliannel 
vere,  that  it  would  be  sheltered  on  the  north  and  east  sides 
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for  part  of  ita  length  by  the  St.  Anne's  shore,  and  to  about  halC- 
tide  level  on  the  seaward  side  by  the  Salthouse  bank ;  that  for 
a  length  of  2^  miles  only  one  training  wall  would  be  requirwl; 
that  the  subatratuui  would  be  more  favourable  to  the  conatroc- 
tion  of  the  training  walls.  The  south  channel  basing 
entirely  silted  up,  it  was  contended  that  the  expense  of 
ing  it  wouUl  be  very  great,  and  that  the  cost  of  making 
maintaining  the  walls  would  be  very  costly,  without  anycoi 
spending  advantage  except  a  problematical  one  to  Sonthpi 
This  Corporation,  also,  were  not  prepared  to  contribute  towa 
the  extra  cost  of  taking  the  channel  in  this  direction. 

The  Commissioiiei-s  appointed  by  the  Board  of  Trade  in  II 
made  an  interim  report  in  1889,  and  their  final  report  in  U 
The  conclusions  at  which  they  arrived  may  be  tlms  sununariM 
After  dealing  with  the  advantages  and  disadvantages  of 
north  channel,  they  point  out  that  if  such  a  channel  » 
carried  out,  the  direction  would  have  to  be  in  a  more  westet 
direction  than  that  laid  down  by  Mr.  Abemethy;  that  tl 
would  involve  double  training  walla  and  the  extension  to  4 
water,  the  channel  to  follow  a  curve  of  G  miles  radius  from 
to  13  miles  below  Preston,  and  thence  a  curve  of  double  tl 
radius  to  the  sea,  the  width  of  the  navigable  channel 
Lytham  to  be  450  feet,  and  the  width  between  the  walls 
feet  at  Lyfham  and  1850  feet  at  the  sea  entrance,  the  widei 
out  being  calculated  at  the  nite  of  150  feet  per  mile,  Tal 
into  consideration,  therefore,  the  cost  and  the  ser 
backs  inherent  to  this  channel,  they  came  to  the  eonclt 
that  they  could  not  recommend  the  adoption  of  a  watej 
along  the  north  shore.  Three  alternate  schemes  for  forming 
south  channel  were  considered,  the  difference  being  in  the  poll 
where  the  new  channel  should  leave  the  present  training  w 
The  one  to  which  attention  was  specially  directed  was  a 
leaving  the  present  course  at  the  eighth  mile  below  Prestt 
with  a  curve  of  6  miles  in  length  and  4  miles  radius  extent 
to  the  Bog  Hole,  involving  a  curve  of  contrarj'  flexure  at 
Bog  Hole,  having  a  radius  of  only  f  of  a  mile,  and  requiril 
the  extension  of  the  wall  below  Southport  in  order  to  keep 
channel  in  its  place.  The  advantages  due  to  this  course  w 
that  the  sea  outlet  is  more  stable  than  either  the  Gut  or  nO 
ihannel ;  that  the  outer  portion  of  tlie  channel,  4  miles  in  lenj 
1   maintained   by   natural   means;    that    there   is   deep  wt 
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nchorage  in  Bog  Hote.  The  disadvantages:  that  the  course 
Preaton  to  the  sea  would  be  3  miles  longer  than  by  the 
eutral  channel;  that  the  sharp  curve  at  the  junction  with 
Bog  Hole  was  very  objectionable ;  the  difficulty  of  con- 
iructiog  and  maintaining  training  walls  across  the  set  of  the 
ides  in  the  estuary,  and  tlie  necessity  of  raising  the  wall  on 
16  upper  side  aliove  high-water  mark,  to  prevent  the  tides 
itting  across  the  channel  and  encouraging  the  deposit  of  sand  ; 
le  greater  depth  at  which  the  har<l  material  lies  below  the 
involving  a  greater  cost  in  construction  of  the  walla ; 
id  the  great  cost  of  constructing  and  maintaining  the  walls, 
bd  also  of  dredging  out  a  new  channel.  In  the  opinion  of  the 
ESommissionera,  the  objections  so  Jiir  outweighed  the  advantages 
they   were   unable   to   recommend    the  adoption   of  thia 


They  therefore  advised  the  central  course  by  the  Gut  channel 
the  one  to  be  adopted.  They  further  advised  that  the  two 
tmioing  walls  should  be  extended  from  Lytham  to  the  fourteenth 
mile  below  Preston,  the  distance  between  the  walls  at  the  ninth 
mile  to  be  800  feet,  widening  to  1550  feet  at  the  fourteenth 
mile,  or  at  the  rate  of  1 50  feet  per  mile.  The  estimated  cost  of 
work  was  put  at  £220,000,  including  the  removal  by 
dredging  of  such  of  the  material  as  wa'i  not  taken  away  by 
scour.  The  depth  of  water  when  this  work  was  completed  was 
estimated  at  26^  feet  at  ordinary  high  water  of  spring  tides  at 
the  fourteenth  mile,  or  a  feet  more  tlian  at  the  present  time. 
This  was  advised  only  as  a  tentative  proceeding,  the  full  exten- 
sion of  the  walls  out  beyond  the  bar  being  contemplated  as  a 
work  to  be  carried  out  at  some  future  time.  The  cost  of  this 
lower  portion  of  the  work,  owing  to  its  exposed  position,  would 
be  veiy  heavy,  being  estimated  at  £372.000. 

The  Gut  channel  was  probably  selected  by  the  Commis- 
uoners  as  being  the  jiresent  buoyed  and  navigable  course,  and 
aa  being  in  the  direction  contemplated  by  Sir  John  Coode  when 
he  liud  out  the  line  of  the  training  walls.  The  PenfoM  channel 
has,  however,  the  deeper  water,  and  its  direction  seems  to 
coincide  more  with  the  natural  set  of  the  tidal  currents,  and, 
having  a  slightly  curved  form,  it  appears  to  be  in  a  better  form 
to  maintain  permanently  deep  water  than  the  straight  course  of 
the  Gut.  If  the  few  shoals  of  aand  between  the  deep  pools 
along  the  Penfold  were  opened  out,  and  the  obstruction  at  the 
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end  removed,  there  is  every  reason  to  sappoee  tlut  a  j 

ig&ble  channel  could  be  opened  out  and  maintaiDed  il 
this  course  with  a  comparatively  small  amount  of  sand-pi 
dredging,  and  without  the  aid  of  training  walls.. 

As  the  Corporation  failed  to  obtain  the  necessary  pov«nM 
money  to  deepen  the  river  to  the  increased  depth  to  which  d 
sill  of  the  dock  was  laid,  the  bed  of  the  river,  when  th«  p 
works  are  completed,  will  be  3  feet  above  the  sill,  and,  u  || 
material  of  which  the  upper  part  of  the  channel  is  coropH»i  j 
hard  boulder  clay,  there  is  no  chance  of  any  improvement  h 
scour.  The  depth  of  the  river  when  the  present  works  n 
completed  will  be  a  feet  less  than  was  contemplated  when  tb 
Act  of  1883  was  obtained.  To  extend  the  training  waJls  to  Iji 
fourteenth  mile  will  aI»«o  require  further  Parliamentary  |Knren 

The  present  available  depth  from  the  dock  to  thei  bar  is  \ 
feet  at  ordinary  spring  tides,  and  12J  at  neap  tides. 

The  channel  is  lighted  with  gas-buoys,  the  outer  or  Ndi 
buoy  being  made  an  occulting  light 

Report  and  Evidence  of  the  Tidal  Harbour  Comnuadii 
1847.  Reports  of  Captain  Belcher,  1836;  R.  Stevenson  ii 
Son,  March  and  May.  1837  ;  Bell  and  Miller,  1866 ;  Sir  J.  Cm 
1882 ;  J.  Abernethy,  1888.  Report  of  the  Ribble  Navigitij 
Commission  to  the  Board  of  Trade,  18!)1  (including  the  interii 
report). 

The  Witham. — The  Withani  has  lieen  selected  as  an  exa 
of  a  tidal  river  that  has  been  improved  and  trained  by  n 
of  fascine-work,  and  also  on  account  of  the  disturbance  of  A 
tidal  conditions  by  the  erection  of  a  sluice  across  it. 

The  Witham  Ls  89  miles  in  length,  and  drains  1063  squi 
miles.  The  tidal  flow  only  extends  to  Boston  (see  Fig.  71), 
about  8  miles  above  the  outfall.  The  tide  flows  here  from  1 
to  3  hours,  and  springs  rise  about  20  feet  at  Boston  and  22  fe 
at  the  outfalL  The  river  above  the  tidal  portion  is  cajialii 
to  Lincoln,  whence  it  joins  the  Trent  by  means  of  the  Foedjl 
Canal.  This  river  at  one  time  held  an  important  place  in  t 
navigation  of  the  country,  when  the  chief  over-sea  trade  i 
with  the  Netherlands,  and  Boston,  with  other  ports  on  the  fi 
Coast,  were  the  chief  places  of  export  and  import. 

In  the  midille  of  the  last  century  the  landowners,  in  orderi 
reclaim  a  large  tract  of  fenland  lying  between  Boston  and  Linai 
obtained  an  Act  of  Parliament  empowering  them  to  strmigbl 
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:  improva  the  river  aliove  Boston,  and  at  the  same  time  to 
t  across  it  a  large  sluice  with  Hell-acting  doors,  which  closed 
!  flood  tide,  and  opened  again  as  it  receded  to  discharge 
klsnd  water.  By  this  means  the  How  of  the  tide  was  entirely 
_)ed  at  this  point.  The  rise  of  a  spring  tide  above  the  sill 
liiB  sluice  is  16J  feet.     The  portion  of  the  river  below  the 


I    nt  Original  Caun*  0/  CAan 


I  pursued  a  very  winding  course  between  lalt  marshes  and 

9ie  lower  end  through  a  large  lied  of  -^ilt  and  sand  where  it 

I  joined  by  the  Welland,  ani  with  it   after  a  de\iou8  and 

lin  coui-se,  reached  the  deep  water  of  the  estuary. 

LThe  river  below  Boston  is  under  the  jurisdiction  of  the  Cor- 

[Ittion  of  Boston,  under  a  charter  granted  in  Queen  Elizabeth's 


I  the  end  of  the  last  century  Captain  Huddart  was  con- 
I  ae  to  the  best  means  of  improving  this  channel  for  the 
ration,  and  aiJvised  its  diversion  by  a  new  cut  at  the  tower 
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end,  so  as  to  avad  the  sbUting  sanda.  Subsequently  Mr.  BoA 
reported  more  fully,  and  advised  the  straightening  ud  ni> 
pnmng  the  whole  of  the  channel  &om  Boston  tu  tbc  Ma;  iri 
also  reoomiueDded  a  new  outfall,  much  on  the  sane  Una  ■. 
proposed  by  Captain  Hnddart.  Subsequently  the  Coi 
obtained  th«  necessary  power  from  Parliament  to  cany  out 
works,  except  tbe  new  cut.  The  river  was  straightenod 
training  it  witli  fascine-work  through  the  salt  manthca,  1 
sh(»t  cuts  bmig  made  through  old  land  where  the  soil  was  e 
The  fascine-work  was  executed  by  Mr,  Eeasley,  who  carried 
dmilar  training  works  in  the  adjoining  river  Welland, 
b^i^  the  first  example  of  this  kind  of  training  carried  oat' 
this  country-  The  material  of  which  the  marshes  was  compa 
was  entirely  alluvial  matter  which  had  been  brou);;bt  down  I 
river  in  fioods,aad  was  easily  scoured  away  by  the  cumiiit  '. 
dredging  was  therefore  employed  to  excavate  the  ground  sic 
the  new  course  of  the  channel,  but  it  was  entirely  removed 
scour  as  the  work  progressed-  The  method  of  proceeding  i 
as  follows :  The  line  of  the  new  channel  was  set  oult  oa 
mencing  at  the  existing  channel,  and  proceeding  in  a  direct  I 
across  the  marshes  to  where  the  channel  again  crossed  at  I 
next  bend,  the  largest  interval  between  the  bends  being  alx 
one  mile.  The  fascine-work  was  commenced  at  the  upper  « 
at  the  concave  bank  of  the  old  channel,  working  out  towti 
the  channeL  ks  soon  as  the  contraction  began  to  be  felt,! 
material,  being  silt,  scoured  away  from  the  opposite  or  coQi 
side  very  rapidly.  The  fascine  wall  on  the  other  side  was  U 
commenced,  and  gradually  pushed  on ;  and  so  both  sides  w 
continued  until  a  new  channel  was  scoured  out  along  ' 
intended  line.  The  fascine-work  consisted  of  tfaom  faggot 
about  6  feet  long  and  3  feet  girth,  the  bi-ush  being  all  plia 
at  one  end.  They  were  laid  overlapping  each  other  at  n 
angles  to  the  channel,  with  a  batter  of  about  ^  to  1.  On  « 
layer  of  fascines  was  placed  a  layer  of  sods  obtained  off 
marsh.  The  work  was  carried  up  to  lialf-tide  leveL  The  ( 
of  this  fascine-work  was  about  £21,500 ;  and  of  the  cuts  throi 
the  old  land  and  other  works  of  improvement,  £21,000.  1 
straigh toning;  of  the  river  extended  as  far  as  a  place  cd 
Hobhoie,  about  three  miles,  beyond  which  the  channel  still  e 
tinned  to  work  its  way  through  the  sands.  The  river  was  » 
greatly   improved   by   these   works,  and    made    navigable 
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wsels  of  300  tons.     Larger  vessels  remained  in  the  roadstead, 
id  discharged  into  lighters. 

The  course  of  the  channel  through  the  aands  was  very 
svious,  continually  altering  as  the  upland  or  tidal  water  had 
le  greater  influence,  heavy  freshets  frequently  causing  a  new 
liBction  to  be  taken.  During  this  process  an  enormous  mass 
r  sand  and  silt  was  turned  over,  the  sides  of  the  channel  in 
laces  forming  a  steep  10  or  12  feet  high,  large  masses  of  silt 
mtlnually  falling  down  into  the  channel.  When  the  winter 
uns  bad  ceased,  the  flood  tide  again  began  to  assume  the 
i&stery,  and  to  seek  its  old  courae,  repeating  the  process. 
Uring  this  operation  the  river  became  charged  with  the  dia- 
irbed  silt,  and  carried  it  up  with  it  partly  in  suspen.sion,  but 
liefly  by  driving  it  up  along  the  bottom  of  the  channel  in  a 
ate  of  semi-flotation.  When  the  tide  was  checked  at  the 
rrand  Sluice  it  rebounded,  meeting  the  succeeding  wave  and 
luung  an  eddy  and  slack  water.  After  Iiigh  tide  the  water 
radually  subsided  there,  owing  to  there  being  no  run  of  ebb. 
'here  being  no  downward  current  at  the  upper  end  to  carry 
lie  silt  back,  it  remained  behind,  and  gradually  accumulated, 
be  quantity  ultimately  deposited  depending  on  the  amount  of 
Bin  and  the  quantity  of  fresh  water  coming  down  the  river, 
n  very  dry  seasons  the  river-bed  Ijecame  raised  as  much  as 
1  feet  at  the  Grand  Sluice,  gradually  tailing  off,  but  raising 
he  bed  of  the  river  the  whole  way  down.  Under  such  circum- 
tances  neap  tides  couhl  liarely  reach  the  quays,  and  the 
lavigation  was  seriously  impeded.  With  continued  heavy 
rinter  freshets,  the  whole  channel  would  be  scoured  out  down 
o  the  hard  clay ;  but  as  the  upper  part  of  the  river  improved 
he  lower  part  became  worse,  owing  to  the  consequent  shifting 
if  the  channel  through  the  sands.  The  author  calculated  that 
ihe  quantity  of  silt  thus  brought  into  and  scoured  out  of  the 
iver  in  one  season  amounted  to  over  IJ  million  tons. 

The  question  of  improving  the  outfall  continued  to  occupy 
ihe  attention  of  both  the  harbour  and  drainage  authorities 
torn  time  to  time,  and  reports  were  obtained  from  several 
mgineers.  The  general  tenor  of  these  reports  was  to  the  effect 
ihat  the  obstruction  of  the  tidal  flow  by  the  Grand  Sluice  was 
letrimental  to  the  outfall  of  the  river,  and  advising  the  con-  \/ 
itroction  of  a  new  cut  at  the  lower  end,  so  as  to  avoid  the 
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In  1837  Sir  John  Rennie,  in  accordance  with  uuinietii 
received  from  a  meeting  of  landowners  and  others  iai 
in  the  fen  rivers,  brought  forward  a  scheme  for  trainlog 
fascine-work  the  Ou.se,  the  Nene,  the  Welland,  and  the  Witl 
in  one  common  outfall  in  the  centre  of  the  Wash,  and  the 
closure  of  150,000  acres  of  land.     At  a  meeting  held  in  Lom 
of  which  Lord  George  Bentinck  was  chairman,  it  was  d» 
that  it  was  desirable  that  this  scheme  should  be  carried 
I  but  that,  aa  the  cost  of  its  execution  exceeded   the  mean 
private  individuals,  it  ought  to  receive  the  consideration 
I  support  of  the  Government  as  a  national  object.     Subseqne 
'  the  scheme  was  partially  re\'ived,  and  the  Lincolnshire 
Company  obtained  Parliamentary  powers  to  train  tli«  Will 
and  the  Welland  to  Boston  Deeps,  and  to  enclose  30,001)  u 
of  land.    The  scheme,  however,  was  found  impracticable,  and 
powers  obtained  were  allowed  to  lapse. 

In  186U  the  Drainage  Commissioners  obtained  a  report  6 
their  engineer,  Mr.  \V.  Lewin,  as  to  the  best  means  of  obt 
relief  &om  the  Hooded  condition  of  the  lower  lands  ia 
seasons.  Mr.  Lewin  advised  that  no  permanent  impruvei 
could  be  obtained  unless  the  outfall  of  the  river  was  impn 
and  advised  the  carrying  out  of  Mr.  Bennie'a  scheme  for 
a  new  cut  across  the  marshes  to  Glaybote,  giving  details 
estimates  of  the  proposed  work.  Subsequently  Sir  John  Htvh 
shaw  was  consulted  by  both  the  Harbour  Commissit 
Drainage  Trustees,  and  he  endoraed  Mr.  Lewin's  recommeudationt 
The  difficulty  of  deciding  as  to  the  proportion  of  tajcation  to  be 
imposed  on  tlie  lands  to  be  benefited,  and  the  amount  to  t* 
found  by  the  difl'erent  trusts  interested,  prevented  any  action 
being  taken. 

The  Harboiu-  Commissioners  then  instructed  the  anthor  to 
advise  as  to  whether  the  channel  could  not  be  improved  iix 
navigation  at  a  cost  within  the  resources  of  the  Corpontim. 
Accordingly,  in  a  report  dated  October,  1870,  the  author  advised 
the  fixing  the  channel  in  one  position  by  continuing  the  faseuw 
training  from  Hobhole  to  Clayhole,  a  distance  of  Z\  miles,  and 
the  removal  by  dredgiug  of  the  hai'd  shoals,  leaving  the  sill 
to  be  removed  by  scour,  as  had  been  done  in  the  upper  part  of 
the  river.  The  estimated  cost  of  this  scheme  wm  £21,OOA 
The  advantage  of  this  tTaiixing  of  tlie  jiatural  cltamui  overt 
direct  cut  was  tliat,  instead  of  carrying  the  Witham  away  fnm 
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the  Welland,  the  two  rivers  would  continue  to  be  united,  and 
jointl J  assist  in  maintaining  a  common  outfall ;  and  that  it  could 
have  been  carried  out  without  obtaining  additional  Parlia- 
mentary powers.  The  disadvantage  was  that  the  length  of  the 
course  from  Hobhole  to  Clayhole  would  be  1{  mile  longer  than 
by  the  proposed  cut.  As,  however,  a  greater  width  of  channel 
was  to  be  given  than  by  the  proposed  cut,  the  discharging  power 
b  times  of  flood  would  have  been  greater,  and  the  fall  in  the 
tnnface  less.  The  level  at  Hobhole  in  both  eases  would  there- 
fore have  been  practically  the  same. 

The  Harbour  Commissioners  approved  the  scheme,  and 
expressed  their  willingness  to  carry  it  out  if  the  drainage 
authorities  would  contribute  a  fair  sum  towards  the  cost, 

A  long  succession  of  wet  seasons  finally  brought  matters  to  a 

crisis.    At  a  meeting  of  representatives  of  all  the  Trusts  interested 

it  was  finally  determined  to  proceed  with  the  improvement  of 

Khe  river.     The  two  schemes  were  submitted,  and  it  was  decided 

fto  proceed  with  the  larger  one.     The  details  of  the  scheme  were 

[settled  by  the  two  engineers  representing  the  principal  Drainage 

Trusts  and  by  the  author  on  behalf  of  the  Harbour  Trustees. 

The  contribution  of  the  latter  was  fixed  by  the  representatives 

'«£  the  Trusts  at  a  moiety  of  the  cost  of  the  training  which  the 

i  Harbour  Trustees  had  been  willing  to  carry  out.     Powers  were 

I  «btuned  from  Parliament  in  1S80  constituting  an  Outfall  Board 

1  representing  the  difi'erent  Trusts,  and  for  caiTying  out  the  work ; 

'  for  raising  £150,000,  the  estimated  cost ;  and  for  taxing  the  lands 

'  benefited  for  paying  the  interest  on  the  outlay  and  the  sinking 

fund.     The  bill  was  opposed  by  the  Commissioners  of  the  river 

Welland,  on  the  ground  that  the  separation  of  the  rivers  would 

be  injurious  to  their  outfall.     The  objection  was  met  by  the 

'  insertion  of  a  clause  by  which  the  Outfall  Board  undertook  to 

;  contribute  towards  the  coat  of  training  the  Welland  from  the 

old  junction  to  the  outfall  of  the  new  cut,  if  required  to  do  so. 

The  carrying  out  of  the  work  was  placed  in  the  hands  of 
Mr,  J.  E.  Williams,  the  engineer  of  the  Witham  Commissioners, 

I  the  lajgest  contributing  body,  the  author,  as  representing  the 
Harbour  Commissioners,  and  Mr.  James  Lancaster,  the  engineer 
of  the  other  contributing  Drainage  Trust,  being  associated  with 
*^-  \      / 

The  new  channel  consists  ol  a  cut  made  across  the  enclosed     1 1/ 
marshes  1   mile   in   length,  and   across   the   open   marshes   for     I 
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\\  mile.  Tlie  oM  diannel  above  this  was  dredged  by  th«  Ool 
fiill  Board  to  a  d^ith  sufficient  for  draioage  purposes,  aod  wi 
subaequeDtly  deepened  by  the  Harbour  Trust  to  the  level  of  li 
^1  of  Boston  Dock. 

The  channel  b  curviliQear  in  plan,  having  a  radiuH  of  !i50| 
feet  The  average  bottom  width  is  100  feet  at  the  upper 
and  130  feet  at  the  lower,  with  slopes  of  4 J  to  1,  and  a  forelaai 
or  berm  (JO  fe«t  wide.  This  small  rate  of  increase  was  given  tl 
the  channel  in  consideration  of  the  short  distance  of  the  ti 
run ;  but  the  current  is  greater  than  is  desirable,  and  the  hanki) 
except  where  they  consist  of  clay,  have  had  to  be  protected  vith 
fasciae-work,  partly  on  account  of  the  current,  and  also  from  tht 
effect  of  the  wash  caused  by  the  steamboats.  The  depth  ft 
the  water  in  the  channel  at  Clayhole  is  27^  feet  at  higlj 
of  spring  tides,  and  20.^  feet  at  neap  tides,  'llie  excavatin 
through  the  enclosed  land  was  2:^  feet  deep  and  300  feet  wide  it 
ground  level,  the  soil  consisting  of  silt  and  clay,  and  hard  bonldcr 
clay  at  the  bottom.  The  total  quantity  of  excavation  ni 
two  million  cubic  yards,  which  was  effected  by  three  Eteus- 
excavators,  which  advanced  nearly  abreast,  the  spoil  belnf 
deposited  on  banks  run  out  at  the  lower  end  of  the  chann^ 
The  contract  for  the  work  was  taken  by  Mr.  James  Slonk  fur 
£90,052,  the  price  for  the  excavation  as  measured  from  Um 
sections  being  Is.  per  cubic  yard,  which  included  the  construc- 
tion of  a  bank  across  the  old  channel  and  a  considerable  amoaot 
of  dredging  at  the  lower  end. 

Since  the  new  outfall  has  been  completed  the  silting  up  of 
the  channel  has  ceased,  and  the  river  is  now  navigable  forvessdi 
of  2000  tons  at  spring  tides.  The  advantage  to  the  drainage 
has  been  the  depression  of  the  low-wat«r  level  6  feet  6  inches 
the  lowest  outfall  sluice,  and  4  feet  at  the  Grand  Sluice  ai 
Black  Sluice. 
~  The  improvement  of  the  river  enabling  a  much  larger  cli 
of  vessels  to  navigate  it,  the  Corporation  of  Boston  obtained 
Act  in  1881  gi\-ing  them  power  to  construct  a  wet  dock  near  t 
town,  and  the  works  were  canied  out,  from  plans  prepared 
the  author  and  under  his  direction,  Mr.  James  Abemethy 
as  consulting  engineer,  by  Mr.  W.  Rigby  as  contractor,  at  a 
for  the  dock,  hydraulic  machinery,  and  warehouses  of 
£150,000. 

Reports    on    Boston    Haven,   Captain    Huddart,    1793 ; 
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1800,  1822,  1823;  T.  Telford,  1823;  J.  Rennie,  18+1; 
win,  1860;  J.  Hawkahaw,  1864;  W.  H.  Wheeler,  1870. 
"Description  of  the  River  Witbam  and  its  Estuary,"  W.  H. 
Wheeler,  Alein.  Proc.  Inst.  C.E.,  vol.  xxviii. ;  "  The  Conservancy 
of  Rivers  in  the  Eastern  Midland  District  of  England,"  W,  H. 
Wheeler,  vol.  Ixvii.;  "The  Witham  New  Outfall  Channel  and 
Improvement  Works,"  J,  E.  Williams,  vol.  xcv. 

The  Seine. — The  Seine  affords  a  striking  instance  of  the 
advantage  to  be  obtained  in  a  tidal  river  by  works  confined  to 
the  regulation  and  training  of  the  channel.     The  improvements 


which  have  been  effected  in  this  river  are  the  result  almost 
entirely  gf  training  and  the  consequent  scour.  Dredging  has 
been  used  to  a  very  limited  extent,  for  the  purpose  of  removing 
a  few  hard  shoals  and  deepening  the  harbour  at  Rouen. 

Rouen  is  situated  76  miles  from  the  sea  by  the_  course  of  the 
river  (see  Fig.  73).  Forty  years  ago  the  navigation  to  this  port 
was  restricted  to  vessels  of  200  tons,  drawing  about  10  feet  of 
water.     For  about  half  the  course  the  channel  was  shallow  and 
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shifting,  winding  throngh  an  estuary  encumbered  with  ^axA 
on  which  there  was  not  more  than  10  foot  at  high  water,  soil  an 
some  less  than  2  feet  at  low  water ;  the  rest  of  the  cout»c  wh 
through  a  6xed  channel  The  depth  at  Rouen  at  low  wat«r  w 
only  about  2^  feet.  Since  the  ti'aining  works  have  been  «i 
pleted,  the  navigable  depth  up  to  Rouen  has  been  increased  la 
17i  feet  at  neap  tides,  and  SOJ  feet  at  ordinary  spring  tide 
Twenty  years  ago  the  area  of  the  maritime  basin  of  the  portfl( 
Rouen  was  limited  to  37  acres,  and  the  length  of  quays  did  not 
exceed  2187  yards.  In  the  centre  of  the  river  the  depth  of  W 
water  reached  19  feet,  but  nowhere  alongside  the  quays  w«  it 
more  than  13  feet  Although  the  training  walls  were  then  neirfjr 
completed,  and  the  increased  scouring  force  was  rapidly  deepen. 
ing  the  river-bed,  there  were  at  many  points  shoals  whki 
formed  serious  obstructions  to  its  navigation.  At  tlie  preMol 
day  the  area  of  the  port  has  been  increased  to  50^  acres,  owr 
which  the  depth  at  low  water  in  parta  reaches  32S0  feet, ant 
nowhere  is  less  than  19  feet  alongside  the  quaya  The  low-w 
depth,  formerly  13  feet,  now  varies  from  19  feet  to  225S  fed 
The  length  of  quays  has  been  increased  to  5337  yardR,  In  1891 
2130  vessels  entered  the  port,  of  which  80  were  of  1966  fee* 
draught  and  above,  and  455  between  19'66  feet  and  IG'42  feel 
draught.  The  laigest  vessel  which  has  entered  the  port  cani 
a  cargo  of  3600  tons.  The  total  toimage  entering  the  port  w 
1,763,131  tons.  A  larger  number  of  British  ships  now  ent«r  ^ 
port  of  Rouen  than  that  of  Bordeaux.  The  canalized  portioB 
of  the  Seine  between  Rouen  and  Paris  has  had  the  water  deep- 
ened, so  that  barges  carrying  from  800  to  1000  tons  are  nowiUe 
to  reach  Paris,  and  steamers  of  300  tons  burden  trade  regnlarlj 
between  London  and  that  city. 

The  immense  advantage  to  the  commerce  of  France  in  harinj 
ocean-going  steamers  penetrating  fifty  miles  into  the  interim  d( 
the  country,  and  communicating  with  Paris  and  a  very  large  ai 
of  country  beyond  by  means  of  the  canals,  is  due  to  engineeria) 
skill  applied  in  regulating  and  training  a  tidal  river  and  dcvelcp 
ing  its  natural  i-esources. 

The  Seine  is  480  miles  long,  and  drains  30,370  square  mi 
of  country.     It  is  navigable  for  350  miles  from  its  mouth, 
its  natural  condition  the  tide  fiowed  as  far  as  Pont  de  L'Ar 
19  miles  above  Rouen,  but  it  is  now  arrested  by  the  locks  t 
Mortot,  near  Elbceuf,  15^  miles  above  Rouen,  making  the  tidll 


ton  93  milea  from  the  eea,  and  7d  miles  from  the  lower  end  of 
I    the  fixed  channel  in  the  eatuary.    The  average  discharge  of  water 

is  estimated  at  634  cubic  yards  a  second,  the  low-water  discharge 
.    being  3+0  cubic  yards,  and  the  maximum  in  floods  3270  yards. 

I'  The  quantity  of  sediment  brought  down  by  this  river  is 
unall,  and  contrasts  strongly  in  this  respect  with  some  of  the 
other  rivers  in  France.  The  fall  in  the  surface  of  the  water  at 
spring  ebbs  below  Caodebec  varies  from  0'31  foot  to  0"41  foot 
per  mile. 

The  distance  from  Paris  to  the  sea  in  a  direct  line  is  115 
miles,  but  by  the  channel  of  the  river  226  miles.  From  Rouen 
to  the  sea  the  direct  distance  ia  45  mQes,  and  by  the  channel 
76  miles.  Neap  tides  rise  18  feet,  and  spring  tides  rise  23  feet 
at  Havre,  and  6  feet  7  inches  at  Rouen. 

Several  schemes  have  been  proposed  since  the  middle  of  the 
last  century  for  improving  the  navigation  of  the  Seine,  includiog 
a  canal  for  avoiding  the  estuary,  and  training  works. 

The  canalization  of  the  upper  part  was  accomplished  in  1838. 
The  size  of  the  locks  and  the  depth  of  water  on  the  part  between 
Martot  and  Paris  was  increased  in  187S  to  520  feet  in  length, 
394  feet  in  width,  and  lOi  feet  in  depth. 

In  1845  M.  Boiincieau  submitted  a  plan  for  improving  the 
Seine  from  Rouen  to  the  estuary  by  means  of  training  walls. 
This  scheme  was  approved  and  adopted,  and  the  works  com- 
menced in  the  following  year,  but  have  not  been  extended  as  far 
as  originally  intended.  The  works  were  at  first  confined  to  the 
part  of  the  rivei-  between  Villequier  and  Qiiillebeuf,  a  distance 
of  10  miles.  The  result  of  this  training  was  so  satisfactory,  the 
depth  of  the  water  over  the  .shoals  being  increased  from  lOi  to 
21  feet  at  high-water  spring  tides,  that  a  furtJier  extension  was 
authorized,  and  the  training  was  ultimately  carried  up  to  La 
Mttilleraye  and  down  to  Berville.  A  shoal  of  hard  ground  at 
Meules  Bank  wiw  also  dredged  away.  The  works  were  com- 
pleted in  1869.  The  training  extended  over  a  length  of  26J 
miles,  the  length  of  the  training  walls  amounting  to  about 
45  miles.     The  width  of  the  channel  was  made — 


ttllM. 

0    at  Bouen 
87J  ftt  Mailleniyu 
59    at  TancatvUle    ... 
£3    end  of  liBining  walls 
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The  walls  were  made  of  rubble  chaJk,  obtained  from  difli 
adjacent  to  the  river.  Tlie  chalk  was  tipped  into  the  chanix 
along  the  line  of  the  intended  ti'ainiug  wall,  and  levelled  tu  u 
even  face  above  low  water.  The  top  was  made  64  feet  widt, 
with  slopes  of  1  to  1  on  the  laud  side,  and  varying  on  the  river 
side  from  IJ  to  8  to  1  according  to  the  force  of  the  currmt 
The  walls  were  raised  to  high-water  level  down  to  La  Boqut; 
below  this  they  were  at  first  only  luised  a  few  feet  above  km 
water,  but  subsequently  it  was  found  necessary  to  increase  tU 
height,  as  the  tide,  rising  over  the  top  of  the  backs,  washed  Um 
material  away  and  injured  them. 

The  velocity  of  the  tidal  current  did  so  much  damage  to 
some  parts  of  the  rubble  walls  that  it  became  necessary  t 
protect  the  toe  with  sheet  piling,  and  the  upper  part  with  h 
apron  of  concrete  about  a  foot  thick. 

The  chalk  coat  an  average  of  la.  OJJ.  per  cubic  yard  in  tin 
bank. 

The  material  of  which  the  upper  estuary  was  compu^ 
consisted  almost  entirely  of  saud  or  alluvial  matter,  and  vh«a 
the  current  became  contined  and  concentrated  by  the  trainiaf; 
walls,  this  was  scoured  out  of  the  channel  by  the  ebb  current. 
The  quantity  thus  removed  was  estimated  at  SO  million  culne 
yards. 

A  considerable  accumulation  of  alluvial  matter  becama 
deposited  at  the  back  of  the  walls,  2o,000  acres  of  whiei| 
became  fit  for  reclamation  and  were  enclosed. 

During  the  past  ten  yeai'S  dredging  operations  have 
earned  out  for  removing  the  hai-d  shoals  below  Koueo.  Tin 
longest  shoal  was  at  Bardonville,  about  19  miles  below  the  town. 
This  shoal  was  2  miles  in  length,  over  which  a  depth  of  onljf 
1770  feet  was  to  be  found  at  high  water  of  neap  tides.  A  fui 
way  was  dredged,  328  feet  wide,  over  which  there  is  23  fe«4 
at  ordinary  high  water.  The  depth  throughout  in  the  sboaleafr 
places  in  the  river  at  ordinary  high  water  is  2030  feet,  and  ai 
high  springs  2625  feet. 

The  effect  of  the  training  on  the  channel  of  the  river  was  to: 
lower  the  bed  an  average  of  8  feet  over  27  miles ;  to  lowaf. 
the  line  of  low  water  at  Rouen  2  feet  3  inches  at  spring 
tides,  and  2  feet  0  inches  at  neap  tides.  The  high-water  line  i 
Rouen  remains  unaltered,  and  is  nearly  the  same  as  that  I 
Havre,      The  tides  reach  Rouen  ao   hour   earlier  than   befon 
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\A  tigh  water  is  now  h\  hours  after  high  water  at  Havre, 
rbe  tidal  wave  on  the  first  oC  flood  travels  from  HonHeur  to 
E(onen  in  4  liours  and  20  minutes,  and  the  first  of  the  flood 
■eoches  Koucn  BJ  hours  after  high  water  at  Havre. 

The  average  rate  of  propagation  at  low  water  is  thus  a  little 
■ver  16  miles  an  hour;  but  the  rate  varies  in  different  parts  of 
he  river,  being  about  7  miles  an  hour  over  the  first  7  miles, 
8  milea  an  hour  over  the  next  20^  miles,  25  miles  an  hour  over 
h«  section  between  Caudebec  and  Duclair,  where  the  river  is 
to  feet  deep,  and  17  miles  an  hour  over  the  upper  reach  to 
KoQen. 

The  tidal  eflect  has  reached  beyond  the  limit  of  the  training 
rails,  as  the  time  of  high  water  at  Havre  is  advanced  38 
ainutea.  Spring  tides  rise  23  feet  at  the  mouth  of  the  estuary, 
O  feet  at  St.  Mailleraye,  and  G  feet  6  inches  at  Rouen. 

The  results  indicate  that  the  training  walla  have  not  been 
vifficieutly  expanded,  and  are  too  close  together  to  allow  of  a 
«-ee  entrance  for  the  tidal  water.     This  is  shown  by  the  con- 
Fusion  of  the  tidal  flood  current  coming  up  the  estuary,  part  of 
hich  is  driven  back  towards  Havre,  and  also  by  the  velocity 
ith  which   the   tidal   current   runs   up   the   trained  channel, 
B^vancing  with  a  head  or  bore  of  about  h\  feet,  reaching  in 
^v-ery  high  spring  tides  to  1 1  feet. 

The  velocity  of  the  tidal  current  is  a  source  of  considerable 
cianger  to  the  navigation,  A  large  English  steamer,  the  Romto, 
1 300  feet  long  and  3()  feet  beam,  was  wrecked  by  the  bore,  on  the 
F  "^'illequier  sands. 

I  If  the  walls  had  been  placed  a  greater  distance  apart,  the  flood 

"Would  have  led  in  more  gently,  which  would  not  only  have 
"been  an  advantage,  but  have  considerably  decreased  the  cost  of 
■«3onstruction  and  maintenance.  This  fact  has  been  fully  realized 
ly  the  French  engineers,  and  it  has  been  proposed  to  set  the 
"Walls  further  back  at  the  lower  end,  and  ease  the  curve  at 
<3uillebeuf. 

There  are  eleven  principal  curves  between  the  estuary  and 
Rouen.four  of  which  describe  180  degrees.  The  sharpest  curve  in 
the  trained  channel  ia  between  Quillebeuf  and  Tanearville. 
This  has  a  radius  of  8200  feet,  and,  owing  to  the  velocity  of  the 
current  round  it,  which  attains  820  feet  a  second,  is  a  source  of 
inconvenience  to  the  navigation.  The  sharpest  curve  above  this 
has  a  radius  of  6562  feet.     Owing  to  the  width  of  the  river. 


I 


4IO  TIDAL  RIVERS. 

never  less  than  300  feet,  and  in  some  places  1100,  the  other 
curves  do  not  seriously  impede  the  navigation.  The  oonne 
round  the  bend  at  Duclair  is  11  miles,  whereas  in  a  straight  line 
it  would  only  be  2  miles.  Owing  to  the  height  of  the  land  at 
the  side  of  the  river  where  several  of  these  curves  occur,  it  is  not 
practicable  to  straighten  the  channel ;  but  if  the  training  walls 
at  Quillebeuf  had  been  carried  in  a  more  direct  line,  the  ciir?e 
would  have  been  more  easy,  and  a  better  approach  given  from 
the  estuaiy. 

The  cost  of  the  training  walls  as  originally  completed  down 
to  Berville  was  £678,000,  or  at  the  rate  of  £810  per  running 
yard.  The  subsequent  works  of  reconstruction,  protection,  and 
maintenance  cost  £520,000,  making  the  total  cost  £1,198,000,  or 
£1510  per  yard  run.  The  value  of  the  land  reclaimed  ma 
£852,000,  leaving  the  net  cost  of  the  works  £346,000. 

The  lower  estuary  extending  from  the  end  of  the  training 
walls  at  Berville  to  a  line  drawn  from  Cape  La  H^ve  to  TrouviDd, 
is  14  miles  in  length,  the  width  increasing  from  ab6at  2J^  miks 
to  7  miles.  The  greater  part  of  this  space  is  covered  with  sands, 
through  which  the  main  channel  frequently  shifts  its  comae, 
sometimes  passing  to  the  north  of  the  Amford  shoal  by  Havre, 
but  the  main  direction  being  through  the  centre  of  the  estuary, 
between  the  Amford  shoal  on  the  north  and  the  Ratier  shoal  on 
the  south.  The  flood  tide  enters  the  estuary  from  two  directions, 
one  current  coming  round  by  Cape  La  Hev^e  on  the  north,  and 
the  other  through  Villerville  Deeps  on  the  Calvados  coast 
These  two  currents  meet  in  the  middle  of  the  estuary.  The 
main  current  then  sets  up  the  Seine;  but  there  is  a  back  current 
whicli  sets  downwards  past  Havre,  causing  eddies  which  no 
doubt  account  for  the  large  accumulation  of  sand  which  blocks 
the  entrance  to  the  harbour.  This  entrance  can  only  be  main- 
tained at  a  depth  of  26  feet  at  spring  tides  by  constant  dredging, 
and  the  entrance  for  large  vessels  is  restricted  to  high  water. 
There  is,  however,  a  compensating  advantage  in  the  duration  of 
high  water,  allowing  the  dock  gates  to  remain  open  for  nearly 
three  hours.  The  period  during  which  high  water  remains 
stationary  is  about  one  hour;  for  another  hour  the  level  only 
varies  from  3  to  4  inches.  The  tide  only  rises  and  falls  13 
inches  during  three  hours.  Thus  spring  tides  flow  for  3 J  hours, 
remain  practically  stationary  for  2^  hours,  and  ebb  Q\  hours, 
"'lis   period   of  still  water  is  caused  by  a  second  tidal  wave 
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[owing  on  the  first,  which  bends  into  the  bay  and  strikes  the 
itentin  peninsula,  traveUing  afterwards  along  the  coast  of 
Calvadoti  as  far  as  Havre,  and  prolonginj^  the  action  of  the  first 
tidal  wave. 

The  variation  in  height  between  spring  and  neap  tides  is 
'also  greater  than  in  other  rivers,  the  rise  of  springs  being  23  Feet, 
and  of  neaps  barely  10  feet. 

The  set  of  the  tidal  currents  in  the  bay  is  east  and  west,  and 
^ere  is  a  long  interval  of  slack  tide  at  low  water.  In  front  of 
Bavre  there  is  also  a  sharp  north  and  south  Itttoml  current, 
-wfaieh  begins  to  make  itself  felt  a  little  before  full  tide,  the 
currents  thus  making  the  full  turn  of  the  compass.  The  velocity 
at  high  spring  tides  is  from  3  to  4  knots. 

The  effect  of  the  training  works  on  the  lower  estuary  has 
"been  the  subject  of  some  controversy.  It  has  been  contended 
-that,  owing  to  the  curtailment  of  the  tidal  reservoir  by  the  land 
eodosed,  the  deposit  of  sand  has  increased,  and  that  this  may 
ultimately  have  an  injarious  effect  on  the  scouring  action  of  the 
tidal  water  in  maintaining  the  sea  channels. 

On  the  other  hand,  it  has  been  shown  that  although,  accord- 
ing to  the  surveys  made,  there  was  an  apparent  decrease  in  the 
capacity  of  the  estuary  from  the  completion  of  the  work  in 
1859  to  1875  to  the  extent  of  272  million  cubic  yards,  or  at  the 
rate  of  17  million  cubic  yards  a  year,  yet  the  decrease  after  this 
for  the  next  five  years  was  40  millions,  or  a  rate  uniy  half  a.s 
great  as  that  which  had  previously  been  going  on. 

It  was  further  shown  by  M.  Lavoinne  that  thirty  years  ago 
the  capacity  of  the  estuary  was  less  than  in  1880,  and  that  it 
had  increased  11  million  cubic  yards  between  those  periods. 
The  channel  also  seawards  of  Havre  has  deepened  considerably. 

A  portion  of  the  decrease  of  the  water-apace  of  the  estuary 
is  due  to  the  partial  filling  up  of  some  of  the  deepest  pools,  a 
result  which  affects  neither  the  scouring  action  nor  the 
navigation. 

It  is  further  contended  that  all  sandy  estuaries  are  subject 
to  constant  changes  due  to  storms  and  other  causes,  and  surveys 
made  of  the  cubic  capacity  of  the  water-space  will  constantly 
vary.  Deductions  drawn  by  comparing  surveys  taken  within 
limited  periods  will  therefore  be  unreliable.  The  effect  of  the 
training  walls  and  the  removal  of  the  enormous  amount  of 
material  scoured  out  of  the  river  as  the  channel  deepened,  and 
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the  deepening  of  the  outer  channel,  would  natarally  lead  to 
variation  in  the  contour  of  the  estuary;  this  would  not 
additional  material,  but  he  uerelj  a  transpoBition.  and  sand  wlni 
formerly  oscillated  backwards  and  forwards  with  the  tidw 
floods  has  now  become  fixed,  with  advantage  to  the  pei 
of  tiie  channels. 

Tlie  fact  as  to  whether  a  decrease  of  the  cubic  capuj^ 
the  water-space  has  occurred  or  not,  is  not  so  material  as 
general  effect  which  the  training  works  and  enclosure  ofluid 
produced  on  the  estuary,  which  may  be  briefly  stated  as  folic 
The  channel,  from  the  end  of  the  training  walls  to  the 
now  in  a  better  condition  fur  navigation  than  it  was  previcnulj', 
being  more  stable  than  it  used  to  be ;  the  channel  seaward  (J 
Havre  has  deepened;  the  time  of  high  water  is  advauced  4 
Havre ;  a  large  body  of  material  that  formerly  was  aluays  beiq| 
shifted  about  and  forming  shoals  is  now  permanently  at  nj*; 
a  valuable  tract  of  land  has  been  brought  into  cultivation  wh* 
formerly  was  nothing  but  barren  sand ;  and  the  river  aba 
the  estuary  is  now  navigable  for  large  ocean-going  steauenl 
a  distance  of  50  miles  inland. 

Various  schemes  for  the  extension  of  the  training  walls,  wift 
a  view  to  improving  the  navigation  through  the  estuary,  haft 
been  suggested,  the  main  contention  arising  frora  the  difficult 
in  laying  them  out  without  injuring  the  porta  of  Havre  on  IIm 
one  side,  and  Honfleni-  on  the  other.  A  Commission  of  cngisMa 
appointed  by  the  French  Government  has  advised  the  opem]|| 
out  of  the  present  walls  at  their  mouth,  and  their  extenaira,  m' 
as  to  give  a  direction  to  the  main  channel  along  the  line  of  ill 
greatest  permanence — that  is,  between  the  Amford  and  RatWi. 
banks,  but  nearer  the  latter.  To  meet  the  difficulty  as  to  Uarn^ 
and  to  improve  it^  approach,  it  is  proposed  that  a  new  entnnM 
in  deep  water  should  be  constructed  more  to  the  west  than  t^ 
present  approach,  where  the  low  water  can  be  relied  on  % 
continue  permanently  deeper. 

It  is  also  proposed  that  an  alteration  in  the  existing  chuii 
between  Tancarville  and  Berville  should  be  made  by  construct! 
new  training  walla  in  a  more  northerly  direction  and  wi< 
apart;  the  trained  channel  to  be  widened  from  1640  to  2S 
feet  near  La  Roque,  and,  where  the  channel  changes  its  cm 
about  halfway  to  Berville,  the  width  to  be  reduced  to  2790  6 
then  to  widen  out  again  gradually  to  4430  feet  a  tittle  p 
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srviUe ;  at  the  next  change  of  curvature,  opposite  Fatonville 
le  channel  to  be  reduced  to  a  width  of  4265  feet,  and  thence 
\  widen  out  rapidly  to  9840  feet  at  the  end  of  the  training  off 
tontleur,  the  outer  portion  of  the  walla  frora  Ficquefleur  to 
[cnfleur  to  be  kept  low,  and  be  gradually  raised  above  this. 
b  is  considered  that  by  contracting  the  channel  at  the  point 
r  reverse  curvature  a  fixed  deep  channel  will  be  maintained 
long  the  banks,  and  a  permanent  entrance  channel  be  secured 
D  Hontlcur  by  leading  the  deep  water  in  front  of  the  jetties. 
The  coat  of  the  estuary  work,  including  the  removal  of  shoals 
A  Quillebeuf.  but  exclusive  of  the  special  works  at  Havre, 
It  estimated  at  £1,000,000,  the  total  outlay  being  put  at 
64,560,000. 

Another  plan,  which  appears  to  meet  with  some  support,  is  a 
nodification  of  that  originally  proposed  by  M.  Partiot,  by  which 
%  is  intended  to  suppress  two  out  of  the  three  channels  now  ex- 
Bling,  and  concentrate  the  strength  of  the  flood  and  ebb  in  one 
sbannel  directed  towards  Havre.  To  effect  this  it  is  proposed 
bo  constmct  a  concave  training  wall  about  12  mile.t  in  length, 
extending  from  the  end  of  the  present  south  training  near 
Ben-ille  and  running  close  past  Honftour  to  the  hard  shoal  of 
Amford,  and  thence  returning  in  a  southerly  direction  to  the 
eoast  at  Villerville.  By  this  means  the  whole  force  of  the  flood 
Iknd  ebb  would  be  thrown  into  the  northern  channel,  which 
would  pass  close  by  Hontleur  and  be  directed  towards  Havra 
ill  is  also  proposed  to  Open  out  the  present  mouth  of  the  trained 
Channel  by  removing  about  3  miles  of  the  lower  end  of  the  north 
vail  and  removing  it  back,  so  as  to  make  the  entrance  bell- 
mouthed.  The  great  objection  to  this  plan  is  the  contraction 
of  the  mouth  of  the  bay  by  the  wall  running  out  from  Villerville, 
by  which  the  width  of  the  estuary  will  be  reduced  two-thirds, 
and  also  the  check  given  to  the  southern  branch  of  the  tide 
which  comes  through  Villerville  Deep,s.  The  combined  influence 
of  the  two  tidal  currents  is  now  felt  for  some  distance  above 
Rouen,  or  for  more  than  77  miles.  It  is  feared  that  such  a 
large  contraction  of  the  waterway  by  which  the  estuary  is  now 
fed  might  seriously  interfere  with  the  propagation  of  the  tidal 
wave  up  the  river.  On  this  ground  this  scheme  is  opposed  by 
the  French  Government  engineers. 

"  Etude  sur  la  Navigation  des  Rivieres  a  Marees,"  iL  Boun- 
deati   (Paris;   1845);    "Monographic   du   Regime   de   la   Seine 
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Maritime,"  %L  Belleville  (Paris:  IS69);  "La  Seine  Uaritime  d 
son  Estuaire,"  par  E.  Lavoinne  (1885);  "The  River  S«iDe*  L 
F.  Vemon-Harcourt,  Jfijt.  Froc.  Inst.  C.E.,  vol.  Ixxxiv,  IS8{; 
"The  Tidal  Seine,"  Meugin-Lecreulx  (Paris  0(Hign%s, 
Report  on  the  Shipping  and  Harboui-  Improvements  at  Vuem, 
tt  E.  O'Neill  (Foreign  Office  Reports,  1892). 

The  Haas. — This  river,  called  "  The  Meuse  "  where  it 
through  Belgium,  and  "  The  Maas  "  in  Holland,  gives  accto  u 
the  port  of  Rotterdam  from  the  North  Sea.  The  works  earned 
out  for  the  improvement  of  the  waterway  between  Rottcrdia 
and  the  sea  afford  an  instructive  example  of  the  benE^dal 
result  of  training  at  the  mouth  of  a  river  on  a  luw  tuidj 
coast,  having  only  a  small  rise  and  fall  of  the  tide.  The  rat 
of  a  spring  tide  is  5  feet  G  indies  at  the  mouth  of  Uif  jcttia, 
and  4  feet  3  inches  at  Rotterdam,  21  miles  higher  up,  Tl« 
fresh-water  discharge  is  very  considerable,  the  volume  l» 
larger  than  most  of  the  great  rivers  of  Europe  flowing 
tidal  seaa. 

The  river  Rhine  discharges  its  water  into  the  Nortl 
through  a  great  number  of  branches,  the  most  northerly 
which,  the  Maas,  passes  Rotterdam.  The  outlet  of  this  ' 
was  originally  by  a  channel  passing  Brielle,  This 
became  so  silted  up  at  the  beginning  of  the  present 
that  vessels  drawing  more  than  10  feet  could  not  navigate 
channel,  and  the  only  access  to  Rotterdam  was  by  the  Goei 
Gat,  past  Hellevoetsluis  and  i-ound  by  Dordrecht.  AIw 
the  year  1829  the  Hoome  Canal,  about  6  miles  in  length, 
cat  from  Hellevoetsluis  bo  as  to  avoid  the  shoals  and  saiidUiU 
at  the  mouth  of  the  Maas  outfall.  This,  however,  only  provi< 
a  navigation  for  vessels  drawing  17  feet,  and  the  course  i 
circuitous,  occupying  IS  hours.  Under  these  circumstances 
extension  of  commerce  at  Rotterdam  was  impossible,  and  it  i 
no  longer  able  to  compete  with  the  other  porta  of  Weslffl 
Europe. 

In  1857  the  Dutch  Government  nominated  a  Commisnoa 
engineers  of  the  Waterstaat  to  report  as  to  the  best  way  fli 
securing  an  efficient  navigable  channel  from  the  sea  to  RottM^ 
dam.  In  the  following  year  Mr.  P.  Caland,  an  engineer  of 
Waterstaat,  presented  a  scheme  for  improvement,  which 
accepted  by  the  Commission,  and  recommended  to  the  Goveai 
ment  for  execution.     By  this  scheme  it  was  proposed  to 
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\  north  aim  of  the  Maas,  called  the  Schem-  (see  Fig.  T*),  and 

ft  join  this  to  the  sea  by  a  new  cut  about  three  miles  long  across 

f  tlie  Hook  of  Holland,  and  to  continue  the  cut  by  jetties  extend- 

tiO£  beyond  the  coast-line  until  a  depth  of  16J  feet  at  low  water 

.  reached.     At  the  same  time  the  channel  from  Rotterdam 


to  be  deepened  and  regulated  so  as  to  give  a  width  at 

Jttotterdam  of  1082  feet,  increasing  progressively  to  2952  feet 

the  entry  between  the  jetties.     The  soundings  beyond  the 

jex  end  of  the  jetties  indicated  that  a  depth  of  21 J  feet  could 

l>e  relied  on  for  the  new  outfall.    The  cost  of  the  work  was 
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eituiuted  at  £535,000  (fl.  6;)00,000).  and  the  time  niqtina]  M 
complete  the  work  six  jears.     The  reason  for  recomm 
cot  arcrass  the  Hook  of  Htdland  in  place  of  openii^  a 
oatfall  was  the  attftenee  of  sandbanks  at  the  plac«  s 
the  low-irater  line  of  26  to  30  feet  approaches  wtfA 
flhore ;  and  the  tide  rans  stronger  there. 

The  works  vere  commenced  in  IS63  by  the  cons^eticq  > 
tlte  north,  and  in  the  following  year  of  the  south  pier.  In  IS 
the  entting  of  the  channel  across  the  Hook  of  Holland  « 
ceeded  with  (Fig.  74)  to  a  width  of  191  feet,  and  a  ilepliid 
10  feet  at  low  water.  The  new  channel  was  partly  excavkli 
by  manual  labour,  leaving  the  remainder  of  the  soil  to  \ 
scoured  out  by  the  action  of  the  water.  The  mouth  of  the  ol 
Scheur  was  closed  to  the  level  of  high  tide  in  1S73,  and  tl 
truning  of  the  rivers  above  the  jetties  was  proceeded  with  i 
rapidly  as  possible,  so  as  to  drive  all  the  water  into  t 
new  cut. 

In  1871  the  north  pier  had  reached  its  intended  length  < 
6560  feet,  and,  two  years  after,  the  south  pier  a  length  of  7 
feet     These  jetties  were  made  of  fascine-work,  a  description  ( 
which  and  illustration  are  given  in  Chapter  IX.  on  "  Training,' 
The  new  channel  was  first  opened  in  1871  for  the  use  of  a 
vessels,  and  in  1872  for  steamers. 

When  the  piers  and  training  walls  were  completed  in  a 
ance  with  the  original  scheme,  it  was  found  that  tie 
did  not  increase  as  rapidly  as  was  anticipated.  The  currenli 
in  widening  and  deepening  the  new  cut,  removed  enon 
quantities  of  .sand,  which  became  deposited  in  the  wide  s 
between  and  in  front  of  the  piers,  and  prevented  all  rtirtlia 
deepening  and  iraproveraent  A  Government  Commission  i 
appointed  in  1877,  to  inquii-e  into  the  matter.  This  OommiaaicB 
finally  reported  in  1880,  advising  that  the  currents  should  a 
longer  be  relied  on  for  widening  and  deepening,  but  that  t 
should  be  assisted  by  dredging;  that  tlie  channel  should  1 
brought  to  a  uniform  width  throughout,  being  made  984  fei 
at  Rotterdam,  and  2296  feet  at  the  sea  end  of  the  piers ; 
that,  to  accomplish  this,  the  banks  should  be  set  back  whf 
necessary,  and  the  waterway  enlarged  where  the  river  was  ti 
narrow ;  to  raise  the  piers  and  extend  them  into  a  depth  of  2 
feet,  and  to  separate  the  rivers  to  the  south  of  Rosenburg  froi 
the  navigable  channel,  a  lock  being  constiucted  at  Vlaardinei 
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*o  give  access  from  the  Oude  Maas,  ami  the  Bollek,    In  1881  the 

,VUUTOwiD^  of  the  outfall  was  effected  by  a  low  training  wall  on 

I  Abe  south  side  between  the  two  piers,  and  a  connecting  embank- 

I  vnent  between  this  pier  and  the  hear!  of  the  low  embankment. 

^rhe  dredgingat  the  mouth  of  and  between  the  piers  was  rapidly 

firoceeded  with,  and  the  widening  near  Maasluis  began  in  188<i, 

I   involving  the  setting  back  of  the  enibankments.     These  works 

liave    proved    very   successful.     The   minimum    depth    in   the 

channel  between  and  beyond  the  piers  increased  continually. 

It  reached  at  low  water  to  984  feet  in  1882 ;  1213  feet  in  1884 ; 

13-12  feet  in  1885;  1738  feet  in  188S;  20  feet  in  1889;  22  feet 

in  1890;  and  2301  feet  in  1891,  giving  29  feet  at  high  water, 

which  is  also  the  minimum  depth  outside  the  jetties.     These 

depths  are  taken  over  a  width  of  9S4<  feet. 

The  oj-fathom  line  at  low  water  along  the  coast  has 
remained  unaltered  since  the  commencement  of  the  works.  The 
4J-fathom  line  advanced  seaward  when  the  jetties  were  com- 
menced, and  continued  for  a  short  time,  but  since  1876  no 
further  advance  of  this  line  has  occurred.  The  channel  has  also 
continually  deepened  up  to  Rotterdam,  the  minimum  depth  over 
a  width  of  984  feet  being  2132  feet  at  low  water. 

The  maximum  draught  of  vessels  has  increased  from  19  feet 
4  inches  in  1882  to  25  feet  in  1889.  The  number  of  vessels  of  a 
draught  of  18  feet  and  upwards  has  increased  from  6a  in  1882 
to  107  in  1889.  The  time  now  taken  to  get  from  the  aea  to  the 
quays  at  Rotterdam,  20  miles,  is  two  hours. 

The  quantity  of  excavation  and  dredging  to  the  end  of  1889 
between  Rotterdam  and  the  aea  amounted  to  SOJ  millions  of 
cubic  yards,  of  which  37i  millions  was  done  after  1881. 

The  total  cost  of  the  work  since  1863  up  to  the  eftd  of  1891 
has  been  £2,840,000.  It  is  estimated  that  a  further  sum  of 
£200,000  will  be  required  during  the  next  two  years  to  com- 
plete the  works. 

"LesVoies  de  Navigation  dans  la  Royaume  des  Pays-Baa" 
(The  Hague:  1890);  "  Report  on  the  Improvement  of  the  Fluvial 
Way  from  Rotterdam  to  the  Sea,"  M.  Welker,  Chief  Engineer  of 
the  Waterstaat  at  Zwolle  (1892) ;  "  Report  on  the  Improvement 
of  Navigation  from  Rotterdam  to  the  Sea,"  made  for  the  United 
States  Government  by  Major  Barnard  (Washington,  1872). 

The  Danube. — Although  the  Danube  is  not  a  tidal  river,  it  yet 
affi)Tds  one  of  the  best  examples  of  river-engineering  of  which 
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thoie  is  aay  recoid.  The  physical  characteristics  and  tutui 
governing  factors  of  the  river  were  carefully  wat«hed  and  tonicri 
to  the  best  advantage.  The  works  were  carried  out  tenUtivdj; 
and  the  channel  gradually  regulated  and  led  into  the  dSrertit 
best  calculated  to  obtain  the  greatest  effect  from  natural  »eui 
The  outfall  was  trained  and  extended  sufficit^ntly  far  to  tumthi 
transporting  power  of  the  water  to  the  most  effective  acouiuu, 
and  to  a  point  where  the  littoral  currents  were  powerful  enoo] 
to  carry  away  the  detritus  brought  down  in  floods.  The  remH 
has  been  tJiat  one  of  the  finest  rivers  of  Europe,  the  navigabk 
resources  of  which  were  confined  to  the  passage  of  barges  oKinj 
to  the  condition  of  the  last  fifty  miles  of  its  course,  is  now  nar^ 
gable  by  steamers  of  large  tonnage,  conferring  an  iuestioiablf 
advantage  on  the  trade  ofa  very  large  tract  of  country,  'llmhi 
been  accomplished  at  a  cost  which,  compared  with  other  works  ( 
river-improvement  in  this  or  other  countries,  and  with  the  rexull 
obtained,  must  be  considered  as  exceedingly  moderate,  and  «hit& 
reflects  credit  on  the  skill  of  the  engineering  staff  eraployed. 

The  river  Danube  has  a  drainage  area  of  316,000  sqoan 
miles.  It  is  1750  miles  in  length,  and  has  300  tributaries.  U 
has  a  navigable  waterway  of  1G20  miles,  or  witliin  130  nulesuf 
its  source.  The  discharge  in  summer  floods,  when  the  wat«f 
attains  the  level  of  the  natural  banks  of  the  delta,  at  14  mjlti 
below  Isaktcha,  has  been  calculated  at  325,000  cubic  feet  [W 
second,  of  which  205,000  went  by  the  Kilia  branch.  The  Sulioa 
branch  (see  Fig.  75)  discharges  -.  of  the  entire  volume,  which  ii 
about  24,000  cubic  feet  a  second  at  ordinary  high  water,  when  ihe 
river  is  9  feet  above  the  level  at  St.  George's  ChataL  At  lo» 
water,  or  when  one  foot  above  the  sea,  the  discharge  is  reduced 
to  5300  cubic  feet  a  second,  the  maximum  discharge  in  high 
floods  being  70,000  cubic  feet. 

The  inclination  in  the  surface  over  the  .^O  miles  of  the  Sulint 
branch  average.s  at  low  water  \  inch  in  a  mile.  At  high  floods 
it  increases  to  3  inches  in  a  mile.  The  velocity  varies  from  3  to 
.5'20  miles  an  hour  at  the  mouth  in  floods,  falling  at  low  water  to 
half  a  mile. 

The  weight  of  sediment  carried  by  the  Suliua  branch 
from  12  grains  to  a  maximum  of  840  grains  per  cubic  foot,  t! 
mean  annual  discharge  of  solid  matter  being  5  million  tons.  Ths 
mean  annual  discharge  of  the  whole  river  is  67J  million  toiUit^ 
maximum  discharge  being  154  million  tons. 
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At  a  point  about  45  nautical  miles  from  the  Black  Sea,  and 
miles  below  the  town  of  Isaktcha,  tlie  Danube  divides  into 
■o  streams,  and  the  delta  commences  at  the  point  of  divergence, 
lese  two  main  ebaiinels  again  divide  into  three  navigable 
annels  Mid  a  number  of  smaller  outleta.     At  the  head  of  the 


slta  the  channel  is  1700  feet  wide,  and  50  feet  deep.  The 
sepest  navigable  channel  across  the  bar  at  the  lowest  end  of 
le  delta  was  formerly  from  7  to  10  feet 

In  1856  a  Eui-opean  Commission  was  appointed  for  the  purpose 
'determining  on  the  best  means  of  improving  the  outfall  of  the 
ver,  and  for  raising  the  means  for  carrying  out  the  work. 
heir  jurisdiction  extended  from  Isaktcha  to  the  Black  Sea  By 
le  treaty  of  Berlin  in  1878  this  was  extended  to  Galatz.  Sir 
bsrles  Hartley  was  a[ipoiuted  engineer  to  the  Commission,  and 
ader  his  advice  the  Sidina  branch,  the  smallest  outfall  of  the 
iree,  was  selected  for  improvement. 

The  Sulina  mouth  is  the  most  northerly  outlet.     It  was  very 
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wiiyiis^  MmA  xmrmA  m  widck  bm^  300  to  800  UeL  It  wis 
ms^i^^A  hw  ■■■■<  iwi  ihmih,  and  was  diflkult  for  DAv^itioa 
tin  vhaxn  f3  nlei  of  the  wol  The  entnuoee  to  it  from  the  aet 
wild  o|iai  attboaid  iftievB  with  wredu,  the  hoOt  and 
of  whi^  oidriing  out  of  the  sobmeiged  «uidhuiks,g»re  to 
mariiKn  the  oohr  guide  as  to  whoe  the  deepest  ehaniiel  was  to 
be  foEmd.  The  depth  of  the  riannd  oyer  the  bar  Taried  from 
7  to  10  feet,  and  was  taicljr  note  than  9  feet 

In  1S57,  Sir  Charles  Hartlej  adrised  that  the  ehannd  thouU 
b&  tnuDied  aerowi  the  har  hj  provisional  works  consisting  of  piki 
and  plan  king;  badud  a  p  bj  rubble  stone  obtained  from  the  foresU 
and  qoarrics  in  the  neigfabooihood.  This  plan  was  eondemned 
b J  an  Intematioiial  CommisBian  ct  engineers,  who  reported 
that  ther  eriold  not  reeommend  the  application  of  the  pr^Kaed 
jgrstem  of  improrcmen^  as  it  oflfered  no  goarantee  of  soeeesi 
The  projects  for  the  Solina  month  they  considered  would  be  of 
no  Ttal  nse ;  that  the  goiding  piers  woold  soon  be  destroyed  hj 
the  force  of  the  waves;  that  they  woold  cause  the  loss  of  large 
sums  of  mofDey^  and  throw  obstacles  in  the  way  of  existing  nsTi- 
gation.  As  a  sabstitote,  the  technical  International  Commiasioii 
recommended  the  constmction  of  a  lateral  canal,  16  feet  deep,  to 
the  St,  George's  branch  from  the  sea,  at  a  cost  of  £300,000.  The 
tiltimat^  cost  of  this  canal  with  maintenance,  it  was  estimated, 
would  have  amounted  to  £600,000.  The  provisional  plan  of  Sir 
Charles  Hartley,  so  unsparingly  condemned  by  the  Commission 
but  finally  carried  out  and  completed  in  1861,  gave  a  depth  of 
17  feet,  at  a  cost  of  £86,000,  and  effected  a  saving  to  the  naviga- 
tion which  has  averaged  nearly  a  million  a  year  since  it  has 
been  carried  out 

The  training  works  into  the  Black  Sea  consisted  of  a  northern 
pier  extending  3200  feet  from  the  land,  and  a  southern  pier  2>50 
feet  The  main  piles  supported  a  planking  4  feet  above  the  sea- 
level,  and  rubble  stone  was  filled  in  at  the  back  of  the  line  of 
piles  and  allowed  to  take  its  own  slope  up  to  the  water-line. 
These  piers  were  so  constructed  as  to  direct  the  ebb  current  in 
a  direct  line  into  the  sea,  normal  to  the  set  of  the  littoral  flow, 
and  were  carried  out  sufficiently  far  to  derive  advantage  from 
the  littoral  current  in  transporting  the  solid  matter  brougbt 
down  ;  the  distance  between  them  is  600  feet 

On  the  completion  of  the  piers  in  1861,  the  depth  over  the 
bar  increased  to  17  feet,  over  a  width  of  580  feet,  entirely  by 
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Bcour,  and  Sullna,  instead  of  being  the  worst  harbour,  at  once 
became  the  best  commercial  port  ia  the  Black  Sea. 

Two  years  after  the  completion  of  the  provisional  piers,  owing 
to  a  diminution  of  the  velocity  of  the  ebb  current,  a  hank  began 
to  grow  up  between  the  pier-heads,  and  the  ivater  shoaled  to 
13i  feet.  An  extra  length  of  (i50  feet  had  been  given  to  the 
north  or  windwai*d  pier,  in  order  to  leave  a  wider  opening  and  to 
afford  shelter  for  vessels  entering.  But  the  projection  of  a  sand- 
bank immediately  off  the  south  pier-head  became  so  considerable 
^&t  the  entrance  was  only  very  slightly  protected  by  the  north 
pier  during  the  prevailing  noiih-north-eaat  winds,  and  tbi.s  sand- 
bank was  as  much  in  the  way  as  a  solid  pier  would  have  been, 
Sir  Charles  Hartley  therefore  advised  the  extension  of  the  aouth 
pier  500  feet,  in  order  that,  the  overlap  of  the  north  pier  being 
reduced  to  150  feet,  the  river  deposits,  during  the  time  when  the 
ebb  currents  were  feeble,  might  be  thrown  well  clear  of  the  pier- 
heads instead  of  between  them.  The  depth  over  the  bar  con- 
tinued to  vary  for  the  next  live  years  between  18  and  14  feet. 
3n  18G9,  owing  to  the  absence  of  river*  floods  and  a  velocity  of 
only  one  mile  an  hour,  the  channel  fell  oft'  to  1 5  feet  over  a  width 
of  150  feet,  emd  it  was  in  consequence  at  last  detemiined,  in 
18G&,  to  further  extend  the  south  pier.  Following  this  extension 
the  depth  increased  to  22  feet,  and  an  effective  navigable  depth 
of  20  feet  was  secured.  In  1873  the  sand  again  made  itself 
manifest  at  the  end  of  the  south  pier,  the  3-fathom  line  pro- 
jecting 200  feet  into  the  jetty  channel  under  the  lee  of  the 
overlap  of  the  north  pier.  It  was  subsequently  scoured  away, 
hut  again  reappeared.  To  prevent  the  recurrence  of  this  shoal- 
ing the  south  pier  was  again  extended  in  1S76,  so  as  to  bring  its 
extremity  opposite  the  north  pier-head.  The  full  current  is  now 
maintained  to  the  ends  of  the  piers. 

Some  very  heavy  floods  which  subsequently  occurred  deejiened 
the  channel  between  the  piers  where  the  soil  was  favourable  to 
erosion,  10  feet,  and  in  one  place  near  tlie  south  pier  a  hole 
30  feet  deep  was  scoured  out.  This  undue  deepening  near  the 
south  pier  led  to  the  formation  of  a  bank  outside  the  pier-heads, 
and  a  shoaling  fur  a  short  time  to  I J)^  feet.  To  prevent  a  further 
recurrence  of  this,  in  1879  a  sill  was  formed  across  the  pier-heads 
of  rubble  stone  and  ballast  from  the  ships  over  a  width  of  100 
feet,  and  having  a  depth  of  25  feet.  This  produced  a  regular 
channel  by  distributing  the  discharge  between  the  pier-heads, 
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and  the  noinul  depth  of  30|  feet  has  since  been  matnUuned. 
1866  it  was  detennined  to  eonrert  the  provisional  pien  n 
Bolid  straetnres,  and  this  work  was  completed  in  1871- 

Dnring  the  five  jears  which  succeeded  the  completion  of  tbi 
fiist  pieiB  tlte  waves  persistently  broke  down  the  ridge  of  iton^ 
work  to  the  level  of  from  3  to  4  feet  below  the  water-line-,  il 
thia  depth,  except  at  the  pier-hoads,  the  top  of  the  rock  remaiatJ, 
intact.  The  mound  asgamed  a  slope  of  2^  to  1  on  the  sea  side.nl 
1^  to  1  cm  the  inside.  On  this  base  a  concrete  wall  was  built 
10  feet  high  and  10  feet  wide.  The  proportion  of  cement  qmI 
to  gmvel  and  sand  was  as  1  to  3  for  the  lower  part  of  the  wall^ 
and  as  1  to  6  for  the  upper  part  The  outer  part  of  the  valk, 
where  mon;  exposed  to  Uie  violence  of  the  sea,  was  raa>le  d 
blocks  weighing  IS  tons,  composed  of  1  of  cement  to  7  of  gravt 
and  sand,  immersed  when  ten  days  old. 

The  total  length  of  the  north  pier  is  5332  feet,  and  of  tl 
south  pier  3457  feet.  The  total  sum  expended  on  these  pia 
was  £185,352,  including  the  sum  expended  on  the  provisiooi 
piers,  making  the  cost  £21  per  lineal  foot  in  an  average  depth  c 
14  feet  of  water.  Taking  the  consolidated  part  only,  6334  fi 
in  length,  the  cost  was  £26  per  foot  in  an  average  depth  of  II 
feet,  including  the  provisional  works.  Tiie  original  estimates  foi 
the  work  presented  to  the  Commission  by  the  engineers  called  b 
to  report  varied  from  £307,200  to  £384,000. 

The  circumstances  which  led  to  the  carrying  out  of  the  t 
tative  works  and  their  subsequent  consolidation  were  the  ma 
of  improving  the  navigation  to  a  depth  4  feel  greater  tliu 
was  anticipated,  at  about  half  the  estimated  cost.  The  c 
strucUon  also  in  the  first  instance  with  great  rapidity  of  simpts 
training  works  of  timber  and  stone,  such  as  the  nearest  forest! 
and  quarries  produced,  and  then  consolidating  them  later  OB 
with  concrete  when  the  stone  had  been  beaten  down  to  iti 
ultimate  level  by  the  action  of  the  waves,  proved  the  raod 
economical  and  effective  course  that  could  have  been  pursued. 

Since  the  consolidation  of  the  piers  there  has  not  been  taf 
advance  of  the  delta  at  the  Sulina  mouth.  The  advance  of  th* 
4  and  5  fathoms  line  of  soundings  averaged  94  feet  a  year 
previous  to  the  commencement  of  the  works.  Between  1S61 
and  1871  it  only  amounted  to  4+  feet,  the  littoral  current  beiii| 
strong  enough  at  the  point  to  which  the  piers  were  canieil  I 
carry  away  the  detritus  brought  down. 


The  increase  in  depth  from  9  feet  in  lSo7  to  20  feet  in  1872 
lud  the  fiillowing  effect  on  the  navigation  of  the  port :  In  1853, 
2490  vessels  of  339,457  tons  left  the  port ;  in  1869.  2881  vessels 
«f  676,9G0  tons  cleared  seawards.  The  average  tonnage  on  the 
former  occasion  was  a  little  over  132  tons;  on  the  latter,  nearly 
-26t)  tons.  The  number  of  wrecks  had  decreased  from  an  average 
nf  almut  1  in  250  to  1  in  5000.  In  1890  the  number  of  vessels 
had  decreased  to  1519,  but  the  average  tonnage  had  increased 
to  754  tons,  many  of  the  steamers  being  from  1400  to  1600  tons. 
Before  the  works  were  completed,  it  was  necessary  for  ships 
to  convey  the  cargoes  to  and  from  the  ships  in  barges,  at  a  cost 
of  Ss.  ad.  a  ton.  This  is  no  longer  necessary.  The  dues  imposed 
for  ships  over  300  tons  towards  defraying  the  costs  incurred  by 
the  Commission  were  2s.  2d.  when  loatling  at  Sulina,  and  sk 
when  loading  up  the  river.  Owing  to  the  increase  in  tonnage, 
these  have  since  been  reduced  to  Is.  and  la.  &d.  for  ships  of  over 
1000  tons,  these  being  the  maximum  rates.  For  smaller  vessels 
the  rates  are  less. 

The  depth  of  the  channel  over  the  greater  part  of  the  Sulina 
branch,  from  the  piers  to  its  junction  with  the  main  river  at 
St.  George's  Chatal,  was  not  more  than  from  7  to  S  feet.  It 
was  impeded  by  large  shoals  deposited  during  heavy  floods, 
especially  in  those  parts  of  the  chaimel  which  were  abnormally 
wide ;  and  also  in  the  long  straight  reaches,  where,  instead  of 
following  along  one  bank,  as  in  the  curves,  the  current  meandered 
over  the  whole  area  of  the  river-bed  from  bank  to  bank.  Shoals 
Were  also  frequently  formed  at  the  points  where  one  curve 
efaanged  into  another.  These  shoals,  formed  in  floods,  diminished 
in  the  low-water  season. 

The  navigation  was  also  impeded  by  the  numerous  bends  in 
the  channel,  no  less  than  eleven  existing  in  the  course  of  52 
miles,  their  radius  varying  from  800  to  1000  feet.  Those  having 
b  radius  of  1600  feet  were  not  found  to  interfere  with  the 
navigation. 

In  1870  a  cut  was  made  between  the  twenty-third  and 
twenty-fourth  mile,  which  shortened  the  course  upwards  of  a 
Eoile,  and  did  away  with  three  of  the  sharpest  bonds.  The 
length  of  this  cutting  was  1900  feet;  its  bottom  width  180  feet, 
and  depth  16  feet  below  sea-level.  This  cutting  was  widened 
in  1875  to  a  bottom  width  of  260  feet,  and  at  the  water-line 
feet 
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At  the  appor  end  of  tiie  Saliaa  diannel,  a  Aatl  in  tbe 
TuIeiiA  fanuicii  near  lamail  Chatal  was  permanently  remofdl 
by  a  carved  dyke  of  rabble  atone  1400  feet  in  length,  eoa- 
neeted  to  the  shore  at  the  Chatal  by  a  straight  groyne  600  feel 
lon^ 

The  width  of  the  opper  part  of  the  branch  varied  from  500 
to  800  feet,  and  that  of  the  lower  half  from  600  to  750  feet 
Sioala  eTJfftfid  wherever  the  width  exceeded  500  feet^  and  it 
waa  therefore  detomined  to  limit  the  river  to  the  width  that 
Nature  indicated  aa  most  likely  to  give  a  depth  of  15  feet 
Exp^^ice  also  showed  that  dredging  alone  was  inadeqoite 
to  oiaore  permanent  improvemiait,  aa»  owing  to  the  vaat  amooni 
of  detritas  carried  in  9oapena»>n,  as  well  as  to  the  sand  rolled 
along  the  bottom,  the  velocity  in  the  wide  part  was  not  sofBdent 
to  remove  this  from  the  river.  The  channel  was  therefore 
cuntraeted  in  the  widest  places  by  groynes  to  400  feet  in  the 
opp^*  part  and  500  in  the  lower  part,  f<^owed  np  by  longi- 
todinal  walla^ 

Two  hundred  and  fifty  groynes  were  constmcted,  many  of 
whidi  are  now  Gstirdy  incorporated  with  the  land  accreted 
where  they  were  placed.  The  groynes  were  bailt  at  rigbt 
angles  to  the  river-bank  on  the  convex  side.  In  places  where 
the  current  had  a  tendency  to  impinge,  the  distance  between 
them  was  the  same  as  the  width  of  the  river  after  its  contractioa 
In  straight  reaches  the  distance  was  double  the  width  of  the 
channel  These  groynes  were  constnxcted  in  the  following 
manner :  Piles  were  tirst  driven  20  feet  apart,  the  taps  being 
level  with  the  river-bank,  and  the  head  pile  2  to  3  feet  higher,  to 
indicate  the  centre  line  and  the  position  of  the  groyne  in  high 
floods.  They  were  built  to  4  feet  above  sea-level,  with  slope? 
of  1  to  1,  and  top  width  4  feet.  The  material  used  was  reed 
or  willow  fascines  mixed  with  clay  dredged  out  of  the  river, 
bound  together  with  iron  wire,  and  protected  with  rubble 
stone. 

In  1882  a  new  cut  was  made  at  St  George's  Chatal  to 
improve  the  entrance  from  the  Tulcba  branch,  which  wis 
constantly  shoaling  in  floods^  This  cut  was  3300  feet  IcMig. 
24  deep,  l^^^g  16  ^^^^  ^^  ^o^  water,  and  was  made  to  a  bottom 
width  of  300  feet,  with  slopes  1^  to  I  and  1  to  I,  and  involved 
the  excavation  of  over  a  million  cubic  yards  of  clay  and  sand, 
which  was   removed  by  dredgers,  floating  tubes,  and   hopper 
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arges.  It  did  away  with  two  sharp  bends,  and  shortened  the 
ourse  S900  feet 

Nine  of  the  worst  ahoals  have  been  successfully  dealt  with  ; 
hree  cut-offs  have  been  made,  by  which  the  river  has  been 
hortened  2  miles ;  eight  of  the  worst  beads  have  been  entirely 
oppressed ;  and  a  lenyth  of  atone  revetment  to  protect  the  banks 
las  been  constructed. 

Upwards  of  21  miles  of  revetments  have  been  constinicted  to 
jrevent  undue  scour  produced  by  the  narrowing  of  the  tiver. 
rhese  revetments  consist  of  a  layer  of  rubble  stone  carried  from 
ihe  bottom  of  the  river-bank  to  the  water-line,  where  a  berm 
i  feet  in  width  was  formed,  the  bank  above  being  cut  to  a 
regular  slope  varying  from  1 J  to  1  to  2  to  1.  The  slope  is 
sovered  with  roughly  levelled  rubble  having  a  thickness  of 
1  to  2  feet  In  soft  sandy  places  willow  fascines  have  been 
used  for  protection. 

The  permanent  shoals  of  hard  material  were  removed  by 
Jredg^g,  and  free  material  was  also  removed  at  times  to  give 
temporaiy  relief  to  the  navigation.  The  total  quantity  dredged 
np  to  1890  was  over  5  million  cubic  yards,  wliieh  was  removed 
by  1  bucket  ladder  dredger,  10  hopper  barges  of  100  tons 
capacity,  2  tugs,  and  1  suction  dredger;  the  cost  of  dredging, 
including  transport  2  miles,  was  lOlld.  with  the  bucket 
dredger,  and  IWld.  with  the  suction  dredger.  The  allow- 
ftQce  to  cover  cost  of  plant  was  estimated  at  1098rf.  per  cubic 
yard. 

By  the  training  works  the  channel  is  now  so  regulated  that 
BhoaUng  rarely  occurs  even  after  floods,  and  a  steady  depth  of 
17  feet  throughout  is  maintained. 

The  total  cost  of  the  works  on  the  Sulina  branch,  including 
Jie  training  and  new  cuts,  up  to  the  end  of  1890  was  £+24,242. 

Between  the  eighth  and  eighteenth  mile  from  the  piers  the 
iver  makes  a  great  detour,  in  which  are  sharp  bends  with  a 
adius  of  from  1000  to  1200  feet.  These  are  found  to  give 
rouble  to  long  steamers,  and  hinder  the  progress  of  the 
irifting  ice.  In  June,  1890,  a  new  straight  eut  between  these 
toints  was  commenced,  which  will  shorten  the  distance  4^  miles. 
The  length  of  the  cut  is  5J  miles,  and  6J  million  cubic  yards  of 
aaterial  will  have  to  be  dredged.  It  is  expected  that  the  cut 
irill  be  completed  in  1895. 
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imlj.  anJ  ■■  RiMont  Changea  along  the  Sea  Coaat  ot  tbe  Iklli 
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ItuH.  CM..  voK  xxi.  and  Xlivi.  i  "  Dredging  the  Lowa  taW 
by  U  0.  H.  Kahl,  voL  Isv.,  1881 ;  "The  Snlina  Mootl  "  ' 
IVuiubi^"  by  Kuhl,  vol.  xoi.,  1888 ;  and  vol.  cvi..  1891. 
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Equivalent  English  Words  fob  French  Htdrauuo  akd 

Nautical  Tebm& 

Amont,  the  upper  part  of  a  river.     En  amant^  up  a  river. 

Amplitude^  height  (of  the  tide). 

Argile^  clay ;  Dutch,  Idei, 

Arise,  an  inlet,  or  small  bay. 

Aval,  the  lower  part     En  aval,  down  a  river. 

Bahord,  port  or  left  side. 

Baliae,  a  beacon  or  buoy. 

Barrage,  a  weir  or  dam. 

Barre,  bar  at  the  month  of  an  estnary. 

Baa  fond,  a  shoal. 

Basain,  wet  dock. 

Boie,  a  creek. 

Bordy  the  shore. 

Bouche  de  riviere,  mouth  of  the  river. 

Boue,  mud, 

BouSe,  buoy. 

de  sauveiage,  life-buoy. 

Boueux,  oozy  or  muddy. 

BouffSe  de  vent,  gust  of  wind. 

Braase,  a  fathom  ;  Dutch,  vaden, 

Brxaania,  breakers  or  surf;  Dutch,  hreekera. 

Brouillard,  fog. 

Cailhux,  pebbles. 

Chenal,  channel ;  Dutch,  Jcanaal. 

Chute,  fall.     Chute  d'eau,  waterfall. 

Cote,  coast,  seashore. 

Cote,  figure,  number. 

CotS,  side,  beam  end. 

aana  le  vent,  lee  side. 

du  large,  offing. 
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Kwanty  current  or  stream. 
me^  flood,  freshet. 

'ySmrcadere,  landing-place. 

Wiit^  discharge,  quantity  of  water  a  channel  will  convey. 

)A2a2«,  excavation. 

}^<,  deposit  (of  alluvial  matter  or  sand). 

%nw^  drift  or  leeway. 

"^irocher,  to  break  up  rock. 

)i^tte8,  embankment,  dyke,  or  training  wall ;  Dutch,  dijh 

^(igg€ige,  dredging. 

Orague^  dredger. 

)oHce  eatt,  fresh  water. 

Sb«,  water. 

—  de  meTf  salt  water. 

— ,  douce  or  fraicke,  fresh  water. 
hu  grande^  high  flood. 
■ —  moriej  neap  tide. 

—  WW,  spring  tide. 
iehdle,  scale. 

^ —  hydrometriquej  gauge. 

mdttte,  lock  of  a  canal. 

fCOttlemenL  efflux. 

«n(et7,  shoal. 

b,  east. 

mle,  slack  of  the  tide. 

'ita^e,  low-water  mark,  low  water  in  a  river  as  compared  to  the 

height  in  freshets. 
5w(^,  berth  for  a  vessel,  swinging-room. 
fciW,  to  swing  a  vessel. 

—  a  la  marScy  to  stem  the  tide. 

idaisej  cliff. 

onaZ,  a  beacon  light. 

— ifixScy  fixed  light. 

—  de  part,  harbour  light. 
— yflotani^  light- vessel. 

— f  Ummani,  revolving  light. 

liucifie,  a  faggot,  training  work  in  a  river  formed  with  faggots. 

ht,  flood-tide.    Bemi-fiot,  half-tide,  wave,  surge. 

(Mu2,  bottom.    Bos  fond,  a  shoal.    Hautfond,  a  shoal. 

rotiemeni,  friction. 
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Gaiety  shingle. 

Oouflemeni^  swelling  (of  the  tide). 

Gratner,  gravel 

Griffe,  grab  (of  dredger). 

HcttUfond,  shoal. 
Havre^  harbour,  port. 

Jusant^  ebb  tide. 

Large^  or  cdte  du  large^  offing. 
Largeur^  width. 

lAgne  de  $ande^  sounding-line,  lead-line. 
Lit,  bed  of  (a  river  or  the  sea). 
Lock,  log. 

,  litre  de,  log-book. 

,  Jeter  le,  to  heave  the  log. 

Maigres,  shoals. 
Maree,  tide. 

,  haute,  high  tide. 

,  basse,  low  tide. 

,  arretante,  slack  of  tide. 

,  montanie,  rising  tide. 

,  descendante,  falling  tide. 

Margie  de  mer,  sea-mark. 
Mer,  the  sea. 

,  coup  de,  a  billow. 

,  gros  coup  de,  heavy  sea. 

Mouillage,  anchorage,  navigable  depth  of  water. 

MouiUe,  deep  water. 

Marais,  marsh. 

Mascaret,  bore  or  tidal  wave. 

Nseud,  knot 

Nan/rage,  wreck. 

Niveau,  level  (of  high  or  low  water). 

de  Veau,  water-line. 

des  eaux,  water-mark. 

de  basse,  low-water  line. 

moyen  de  la  mer,  mean  level  of  the  sea. 

Nord,  the  north. 

Orage,  storm. 
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►nde,  wave. 
)fuiuie^  west. 

'eiiie,  slope  of  the  surfaoe. 
'^haite^  lighthouse. 

,  flamhayantf  flashing  light. 

^ied^  a  foot. 

?ilot,  pile,  pilotage,  pile-work. 

?ilotet  pilot. 

bateau,  pilot-boat. 

?lanche,  plate  of  illustrations. 
?ortf  port,  wharf,  quay. 

de  mer,  seaport. 

,  aurgir  a,  to  land. 

Pottce,  an  inch. 
Profondeur,  depth. 

Bade,  roadstead. 

Bemorqueurj  tug-boat,  boat  used  for  traotion  by  chain  or  wire   in 

canals. 
IRivage,  beach. 

•  80U8  le  vent,  lee  shore. 

Rtcc,  bank  of  a  river. 
Smere,  river. 

SahU,  sand. 

,  mobile,  shifting,  or  quicksand. 

,  vaaeaux,  sand  mixed  with  mud  silt. 

Sahhu,  fine  sand. 

^dkre,  saltness,  salt  water. 

Swtt,  bucket  of  a  dredger. 

^U,  gill  of  a  lock,  hard  shoal  or  bar. 

^fflet  de  brouillard,  fog-whistle. 

Sondage^  soanding. 

^de,  ligne  de,  sounding-line. 

Swkfcr,  to  sound. 

Sbt«  le  vent,  lee  side. 

S^  south. 

*^^refirme,  mainland. 

*^hnlweg,   the  line  of  deepest  water  in  a  channel,   the   navigable 

channel  in  a  river. 
tirant,  draught  of  a  vessel. 

2f 
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2V»fi^  hanKng-line  or  rope,  a  warp. 


TrsmL,%  wincii. 

Fd^u^,  ware, 

^,  gramde,  hiA,  ware. 


Foie^nlt. 
Fan,  wsimL 

o/iz^.  Hade  wind. 

9m§  U  remij  to  leewar^L 

am  remif  to  windward. 
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English  and  Foreign  Measures. 


•v.. 

English 
feet. 

English 
stetnte 

Kilometres. 

Namber  of 
to  A  degree 

miles. 

of  latitude. 

^aiitic€kl  mile 

•  • 

6076-98         1-1509 

1-8516 

600 

Admiralty  mile 

•  • 

6080-0 

1-1515 

Statute  mile 

•  • 

5280-0 

1-0 

1-6089 

69-06 

[riRli  mile 

•  • 

6720-0 

1-2728 

2-0477 

54-26 

hootch  mile 

•  • 

5952-0 

1-1273 

1-8137 

61-26 

Kilometre 

•  • 

3281-0 

0-6214 

1-0 

111-10 

Yards.                 Statute  miles. 

League,  French, 

marine 

•  • 

•  •                     •  • 

6086 

3-46 

»»           >» 

land 

•  ■ 

•  •                     •  • 

4861 

2-76 

„       Portugal 

•  • 

•  •                     »  ■ 

6760 

3-95 

,,       Spain 

■  •                     ■  • 

7416 

4-21 

„       Holland 

•  • 

•  •                     •  • 

6395 

3-64 

I^i,  China 

varies  from 

0-22  to  0-36 

English  mile 

Archine,  Russia 

2-333  feet 

• 

Sagene, 

7  feet 

^©rst. 

1067  metres 

=  0-6628  English  mile 

pik,  Turkish 

26-625  inches 

„    Egyptian 

22  to  27     „ 

palm,  Italy 

0-732  foot 

brace  or  cubit. 

Florence 

1-66     ,, 

Nautical  Measures. 

^thom  6  feet. 

^tle     ..  608  feet  = -^  nautical  mile 

^ot  one  nautical  mile  an  hour 

jQO  fathoms  are  generally  taken  as  equal  to  1  nautical  mile. 
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Saahine,  BoBdan 

Braaee,  Old  Frmch 

Metre,  recent 

Favn,  Danish  and  Norwegian 

Famn,  Swedish 

Yaden,  Dntch 

Elle,  Dutch,  recent 

Braca,  Portngneee 

Faden,  German 

Metro,  Spanish 


6-0 

10 

5-329 

0-881 

3-281 

0-547 

6175 

1-02112 

5-843 

0-974 

5-575 

0-92<i 

3-281 

0-547 

6-004 

1-0 

5-906 

0984 

3-281 

0-547 

Metrical  Msasuses  axd  Bbcipbocals. 


Millimetre 
Centimetre 
Decimetre 
Metre 


»» 


Kilometre 

Noeud 

Litre  (1  cnbic  decimetre) 

Hectolitre  (100  litres) 
Gramme 


»» 


Kilogramme 
Tonne 


j» 


Square  metre 


i> 


Cubic  centimetre    .. 
Cubic  metre  (stere) 


»» 


Eqahrateoft 
tnKngtand. 

SedfneaL 

0-03937  inch 

25-399 

0-39371     „ 

2-5399 

3-9371       ^ 

0-2540 

3*2809  foot 

O3048 

1-0936  yard 

0-91438 

0-6214  mile 

1-6093 

1093-633  yards 

— 

6086  yards 

— 

1-7607  pint 

0567M 

0-220  gallon 

4-54345 

22-0096   „ 

0-45434 

15-43267  grains 

0-06479 

0-035273  oz.  avd. 

28-3439 

2-20485  lbs.      „ 

0-4536 

2204-621  lbs. 

— 

0-9842  ton 

— 

10-7643  square  feet 

0-092y 

1*1936  square  yard 

o-sse*)? 

0-061  cubic  inch 

16-356 

35-3165  cubic  feet 

0-2S3 

1-308  cubic  yard 

0-7645 

Pint  of  water 


»» 


Grallon  of  water 


0-02005  cubic  feet 
weighs  1*25  lb. 
weighs  10  lbs. 
mea8ures277'27384cubicinch« 

0-16051  cubic  foot 
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on  of  eeo-water  weighs  10'20  Ibi. 

io  inch  of  water  0*0036  gallon 

c  foot  of  water  at  60°  6282  lb». 

„  generally  taken  as  62'5  Iba. 
0-0279  ton 
6-2855  gallons 

cyardofwater  1667-5  Ibi. 

0-756  ton 

of  water  35-84  cabio  feet 

„  224ga]lou 

o  metre  of  water  0-985  Engliah  ton 

ite  -0166  hoor 


per  second  into  miles  per  hoar 

per  minnte  „  „ 

'CB  per  second  ^  „  .... 

«8perminnte         »  »  .... 

netice  per  faonr  into  feet  per  second 

per  second  into  knots  per  bonr 
ical  miW  per  honr  into  statute  milec 
>  per  caUc  metre  to  priee  per  cubic  jsrd 
^■nge  gnina  in  lOO/nO  p»rts  to  grains 

pngBUoD 

md  i ■■Ill  dian^t  of  a  rtmA  pacing 

frOH  salt  te  fresh  water,  moltiplj  drf^t 

by 

!b  oanort  ■attical  a 


l-«7 


0-682 

&41I37  Hfi 

2'23«31  tfUl 

0^727  2»« 

0-9114  1-OW 

0-5d2  l-Wt 

1-15WI  *>*«« 

0-914  l-*»5 

fr7  ~ 


—  «rtfty^gi;A  ■■it;|jytyA»*jj»f^ 


■  irfthe  taUaof  Mctrieal  ■ 
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Abbreviations  ussd  in  the  English  Admiralty  Ghartk 


Anchge.,  anchorage. 
B^  bay. 
B.,  black. 

B.  W.  V.S.,  black  and  white  vertical 
stripes  (near  a  buoy). 

B.  W.  a  a,  ditto  horizontal. 
Baty.,  battery. 

Bk.,  bank. 

C,  cape. 

C.  6.,  coast-guard. 

Gath.,  cathedral. 

Ch.,  church. 

Chan.,  channel. 

Cheq.,  chequered  (near  a  buoy). 

Cold.,  coloured. 

Cr.,  creek. 

E.  D.,  existence  doubtful. 

Fig.  Lt.,  floating  light. 

Fms.,  fathoms. 

Ft.,  feet  or  foot. 

G.,  gulf. 

Gt.,  great. 

H.,  hour. 

Hd.,  head. 

Ho.,  house. 

Hr.,  harbour. 

H.  S.,  horizontal  stripes  (near  a 

buoy). 
H.  W.,  high  water. 
IL  W.,  F.,  and  C,  high  water,  full, 

and  change. 
L,  island. 


Is.,  Islands. 

Kn.,  knots. 

L.,  lake. 

Lat.,  latitude. 

Long.,  longitude. 

Lt,  light. 

Ditto,  horizontal. 

Lt.  Alt,  light  alternating. 

Lt  F.  FL,  light  fixed  and  flashinu. 

Lt  F.,  light  fixed. 

Lt  FL,  light  flashing. 

Lt.  Int.,  light  intermittent. 

Lt.  Occ.,  light  occulting. 

Lt.  Rev.,  light  revolving. 

L.  W.,  low  water. 

M.,  nautical  mile. 

Magn.,  magazine. 

Mage,  magnetic. 

Min.,  minutes  (near  a  lightj. 

Mt,  mountain. 

Np.,  neaps. 

Obsn.  Spot.,  observation  spot  r- 

P.,  port. 

P.  D.,  position  doubtful. 

Pk.,  peak. 

Pt,  point. 

R.,  river. 

R.,  red  (near  a  buoy). 

Rf.,  reef. 

Rk.,  rock, 

Sd.,  sound. 

Sec,  seconds  (near  a  lightj. 


APPENDIX  IV. 


439 


oal. 

rings. 

rait. 

legraph. 

variation. 


ack. 
»wn. 
•oken 
se. 

:al. 
c. 

.'el. 

bigerina. 
ien. 
ound. 

1. 


Vil.,  village. 

Vis.,  visible  (near  a  light). 

V.  S.,  vertical  stripes  (near  a  buoy). 

W.,  white  ,9 

W.  PL,  watering-plaoe. 


Nature  of  the  Bottom. 

oys.,  oysters, 
oz.,  ooze, 
peb.,  pebbles, 
pt,  pteropod. 
r.,  rock, 
rot.,  rotten, 
s.,  sand. 
sfL,  soft, 
sh.,  shells, 
spk.,  speckled. 
St.,  stones, 
stf.,  sti£f. 
w.,  white, 
wd.,  weed, 
y.,  yellow. 


soundings  in  feet  or  fathoms  below  mean  low  water  of  ordinary 
tides. 

eriined  figures  indicate  feet  above  low  water. 
)city  of  the  tide  is  expressed  in  knots ;  the  period  of  the  tide 
hown  thus :  1st  Qr. ;  2nd  Qr. ;  3rd  Qr. ;  4th  Qr. ;    Qr.  stand- 
quarter, 
of  the  tide  is  measured  from  mean  low  water  of  ordinary 
ides. 

;e  of  the  tide  measured  from  the  low  water  of  one  tide  to  the 
ter  of  the  following  tide, 
searings  are  magnetic, 
ings  of  lights  are  given  as  seen  from  seaward. 


I 


i; 


APPENDIX    V. 

Notation  adopted. 

y  =  mean  velocity  in  feet  per  second. 
A  =  area  of  the  croes-section. 
P  =  perimeter  or  wetted  contour. 

B  =  hydraulic  mean  depth,  or  the  area  divided  by  the  perimeter,  |, 

S  =  sine  of  the  slope,  or  the  length  divided  by  the  faH ;  thiu  1  ^ 

per  mile  =  y^. 
D  =  depth  of  channel  in  deepest  part. 
B  =  width  at  snriiEU^  of  water. 
Q  =  discharge  in  cubic  feet  per  second. 
C  =  a  number  to  be  determined  by  experiment. 
F  =  fall  in  feet  in  one  mile. 

All  units  of  length,  time,  and  weight,  unless  otherwise  expresseJ, 
are  in  English  feet,  seconds,  and  pounds. 


'  The  datum  used  in  England  is  tho  datum  of  the  Ordnance  Survey, 

.  ox  adopted  mean  sea-level  at  Liverpool. 

The  Ogures  are  priucipally  obtained  from  the  third  report  of  the 
Oommitteo  of  the  Bntieh  Aasoctatiou  appoiotad  to  consider  the  tabn- 
lation  and  comparison  of  datum  marks  (Report,  1879)  ;  the  "Conipto 
Kendu  Association  Franvaisa  pour  ravauooment  des  Bciencea,"  1890 
<'I.'anification  dee  altitudes  et  lo  niveau  des  mere  en  Europe);  and 
the  Ordnance  Survey  of  England. 

The  figures  in  the  table  rofor  to  a  datum  taken  100  feet  below 
Ordnance  datum. 


English  Ordnance  datum  :  mean  eea-level  at  Liverpool 

Trinity  high-water  standard  ;  Thames  datum 

Irish  Ordnance  datum  (approximately) 

French    datum    (approximately) :     zero     du     Nivellement 

(Bourdaloue)  mean  sea-level  at  Marseilles 
Belgium:  zero  da  depot  de  la  Guerre  .. 
Holland:  Piel  d'Amaterdam,  A.P. 
Avonmouth  ;  inner  sill  of  lock  at  channel  dock 
Barrow  ;  outer  sill  Ramsden  Dock 
Belfast:  harbour  datum 
Birkenhead:  outer  entrance  Alfred  Dock 
Bristol:  sill  of  Cumberland  basin 

Boston;  dockfiill  

,,         Black  Sluice  sill  (drainage  datum)  .. 
Clyde;  Clyde  datum 

Cardiff:  aiU  of  sea  gates,  Bute  Dock 

Dublin:  North- Wall  standard  .. 

Dee  ;  Cheshire,  zero  tide-gauge  Chester  (Dee  standard  is  15 

feet  above  zero  of  this  gauge) 
Dee:  Aberdeen,  sill  Victoria  Dock 
Dover:  zero  of  tide-gauge,  Admiralty  pier 


100-00 
112-50 
92-64 


9250 
82-75 
95-46 
83-33 
89-42 
88-46 
91-30 
113-81 
89-28 
93-97 


85-38 
91-30 
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Dundee  :  sill  William  IV.  Dock  9282 

Fleetwood:  datum  of  dock  87*63 

Garston  :  sill  of  dock     ..  ..                               90*42 

Glasgow.    See  Clyde. 

Goole :  lower  sill  of  old  outer  ship  lock  96-18 

Grimsby  :  Eoyal  Dock  sill  8o"0fj 

Hartlepool:  Old  Dock  sill  ..                              86$4 

Harwich:  zero  tide-gauge  93*00 

Holyhead:  zero  tide-gauge  89-45 

Hull:  Victoria  Dock  sill  85*67 

King's  LyDn :  Free  Bridge  datum  HM 

„         „        sill  of  dock  ..                              89*05 

Liverpool:  Old  Dock  sill  95*33 

Leith:  sill  of  old  dock    ..  ..                              90*97 

London:  Trinity  high- water  standard  112*50 

Lowestoft:  zero  tide-gauge  86*50 

Nene:  Nene  valley  drainage  datum  74*17 

„        Sutton  Bridge  and  North  Level  sill,  1830  94*18 

Newhaven:  zero  of  tide-gauge  . .  ..                              91*97 

Ouse,  Yorkshire :  zero  of  tide-gauge     ..  96*0<} 
Ouse,  Bedfordshire.     See  King's  Lynn. 

Piel :  zero  of  tide-gauge  . .                   gO-i*") 

Portishead  :  outer  sill  of  dock    ..  3^•14 

Portland:  Admiralty  datum  ..                    i»s*4o 

Preston:  dock  sill            ..           ..           ..  ..                   .sot>i 

Portsmouth :  sill  of  No.  6  Dock             ..  ..                                03'34 

Queenstown  :  Haulbowline  Island,  floor  of  graving-dock     . .       7u**24 

liamsgate  :  zero  of  tide-gauge  . .  8S-28 
Kibble.     See  Preston. 

Sheerness :   zero  of  tide-gauge  ..           ..  ..           ..                  101*44 

Shoreham:         „                 „         ..           ..  ..           ..           ..       02-2o 

Southampton:  coping  of  dock  ..  ..                  112-oii 

Swansea:  sill  of  lock,  East  Docks  ..           ..                    83-54 

Tay.     See  Dundee. 

Tees:  datum        Hj.15 

Tyne:  G.  Eennie's  datum  ..            ..                  108*94 

Wear:  Rennie's  datum  ..  107*60 

Welland  :  zero  Fosdyke  Bridge  gauge  ..                  100  00 

Whitehaven:  zero  of  gauge  ..                    9525 
Witham.     See  Boston. 

Widuess :  sill  old  dock 101*83 

Yarmouth:  zero  of  gauge  at  bridge  9611 
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Ue  following  table,  compiled  by  M.  Lallemand,  is  taken  ft'oiii 
'Compte  rendu   Association  Fraupaise  pour    I'avancement  deh 
ices,"   1890.     The  figures  -will  be  fonnd  to  vary  in  several  in- 

1 

es,  especially  those  in  the  English  Channel,  from  those  formerly 
led,  and  which  are  referred  to  in  the  tables  given  by  the  com- 

■ 

le  of  the  British  AssooiatioD  on  datum  level  in 

1879  (fiee  p.  15). 

■ 

UD    DOHNANT  LE3  ALTITUDES  DB  QQELQITES  UEItS 

EUROP^ENNES  PAU 

■ 

tm)RT  AD   MIVKAU   MOYEN   DB  LA   MfioiTEaRAHiE 

A  MARSEIttE. 

■ 

W*.                                            PoMea  d'ubKrvitlon. 

<l'.prS.^plii. 
CcDUmctn*. 

1 

Trieste          

-       +    2 

..,™ 

Venice         

Porto-Corsini 

..      -    5 

■ 

AncCne         

..      -    8 

Livotime 

.,     -  a 

^^1 

Spezzia 

Q^nes            

.-     -   1 

..      -    5 

■ 

terranee 

Savone 

Nice  (m6di  mare  metre) 

lUarseille  (mar^g  raphe  totalisatenr^ 

Cette  (mMimarem^tre)      .- 

Port-Vendres  (id.) 

,.      -    2 
..      -    6 

.,       -    0 
..       ^    0 
..      +    3 

^ 

)c«aD 

St.  Jean-de-Lua  (le  Socoa)  (id.)    ., 
Biarritz  (mMiinaremfitre) 
Lee  Sables-d'Olonne  (W.)  .. 

+  1S 
.       +13 
.      -20 

antique 

Quiberon  (id.) 

Camaret  (id.)            

..      -    1 
..      -    9 

Breat            

..      +    2 

1  Cherbourg    ,. 
Manohe  J  Le  Havre 

+    5 

-.      +    1 

j  Boulogne  (eohelle  de  maree) 

..      -    0 

■    . 

A 
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OoletdeinniiBDjs 
pArxapportuBimi 


Men. 


Pdttes  d'obserrattoo. 


Mer  du  Nord  / 


/  Ostende 

Flessingen   .. 

Bromvershaven 

Ymuiden 

Holder 

Staroven  (Zuiderzee) 
\  Elburg  (td.) 

Nykerk  («.) 

Amsterdam  (i<2.) 

Holiogen 

Delfzijl 
VCoxhaven 

Travemiinde 
Vamemiinde 

Baltique  (  Swinemtinde 
Neufahrwasser 
Pillau 


BCTcnacM 
MWRilii. 

d'aprte'laplii 


+ 

+ 


-16 

-  7 

-  8 

-  5 

-  4 
6 
i 
5 
1 
1 
1 
3 

9 
4 
2 
1 

8 


Variation  at  Places  on  the  English  Coast  in  the  Mean  Lkvel  c 
THE  Sea  from  the  Datum  adopted  at  Liverpool  for  the  Ordnin 
Survey. 


Hull    .. 

Sunderland 

Southampton 

Eainsgate 

Shields 

Lowestoft 

Sheemess 

Lynn  Cobb 

Grimsby 

Norwich 

London  Bridge 


Mean  Level  of  Sea. 


A  bore. 
FeeL 

0-038 

0-064 

0-141 

0-324 

0-340 

0-732 

0-798 

0-840 

1-164 

1-233 

1-790 
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Mean  Level  of  Sea. 


lOvL  ••  ■•                    •• 

k jf                    ••  ••  ••                    •• 

••                    ••  «•  ••                    •• 

V 

xw  ••  ••                         •• 

L  \^                                  •  m  ••  ••                                   •■ 

outh 

Euii 

i-super-Mare  .. 

•\/\^                  ■•  ••  ••                     •• 

Dol  (local  datum  obtained  from  self- 

1  wU  .  .  .  • 


register  gauge) 


Below. 
Feet. 

0-089 
0-096 
0-188 
0-217 
0-233 
0-261 
0-316 
0-348 
0-461 
0-529 
0-646 
0-650 
0-651 
1-009 
1-283 
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Formulas  for  ascertaining  the  Mean  Velocity  of  Water  1:1  Rnros. 

For  notation  used,  see  Appendix  V. 
Chezy — 

V  =  CVES 
The  value  given  to  C  by  Chezy  is  not  known. 

Eytelwein — 

V  =  1-3VFR  -  -11 
Beard  more — 

V  =  55VB  X  F  X  2 

for  velocity  in  feet  per  minute ;  which  for  seconds  is — 

V  =  -QIGVE  X  F  X  2 

Stevenson — 

V  =  CVSoTF 
for  velocity  in  miles  per  hour ;  which  for  feet  per  second  is — 

V  =  CVe  X  F  X  2-16 

0  fur  small  streams  under  35  cubic  feet  per  second,  0-65 ;  for  rivers 
discharging  2500  cubic  feet  per  second,  0'90. 

Ellet  (Mississippi) — 

dF 

\'  X  -08  =  'SO  y/dY  + 

20 

V  =  surface  velocity. 
(I  =  maximum  depth  of  river. 

Humphreys  and  Abbot  (Mississippi) — 

V  =  [(225R'S*)*  -  0-03887 

K'  =  the  prime  radius,  or  the  hydraulic  mean  depth  plus  the  breadth 
of  the  river  at  the  surface. 

_A 
P  +  B 
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tntter  and  Gangnillet.    Formula  reduced  to  EnglUli 
1  by  Jackson — 


mp.  b 


1  +  Ul-6  +  - 


coefGcient  for  rougbnese,  which  for  rivers  having  their  banks 
in  good  order  and  free  from  irregular!  ties  is  0-025  ;  for  rivers 
in  moderately  good  order,  0'030  ;  for  rivers  in  bod  order,  witb 
deposits  and  pebbles,  0'035. 

Downing — 

V  =  0-9272FK 

The  working  out  of  this  formula  is  deduced  from  the  following 

f,  as  given  in  "  The  Elements  of  Practical  Hydraulius  "  ; — 

I.  X'riotion  in  fliiids  is  independent  of  pressure. 

i.  The  resistance  is  proportional  to  the  wetted  periireter  exposed 

le  action  of  the  water,  and  inversely  as  the  area  of  the  transverae 

ion,  or  the  i-esistanoe  is  proportional  to  — 

1.  The  resistance  is  proportional  to  the  square  of  the  velocity 
'ly.  This  part  of  the  expression  for  resistance  is  reprBseuted  by 
,  0  being  determinQd  by  experiment, 

t.  Gravity  la  the  sole  force  which  produces  motion.  The  inclina- 
of  tbe  surface  of  the  water  enables  gravity  to  act.  The  measure 
his  force  is  if  X  sin  >',  in  which  g  represents  tbe  measure  of  tho 
)  of  gravity  at  tbe  earth's  surface,  being  the  rate  of  motion  of  a 
r  falling  freely  at  the  end  of  one  second  =  3*2-1098  feet  per 
ad,  and  \  the  number  of  degrees  of  inclination  of  the  surface  of 
water  in  the  channel,  and  sin  i  the  ratio  of  the  height  fallen 

ny  length  to  that  length,  or       "-      =-. 
h 


Accelerating  force  = 

p 

Eetarding  force  =  y  ^  ^^^ 


3  X 


-  X  C  X  V 


(1) 

(2) 


4 
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Si]B]4ifyiiig  tins  bv  diTiding  oat 


And  as  a  is  ocmstaiity  pat  -  =  C 
SolTing,  then,  for  C — 

from  experiments  it  is  foand  that — 

C  =  0-0001,  and  —  =  10,000 
Solving  for  V — 

V  =  VyX^X  10,000 


(f' 


or 


VslOOv'SB 


Taking  for  \  one  mfle,  and  patting  F  for  the  fall  in  that  length  in 
feet— 


V  =  100  X  V^-2^0  X  B 


72-66 

=  1-38VFE 
and  as  1*38  =  0-92\^,  bj  sabstitnting  this  value — 

V  =  0*92  V2FK  in  feet  per  second 
or,  for  feet  per  minnte,  as  0*92  x  60  =  55*2 — 

V  =  55V2~FR 

which  is  the  same  as  the  formnla  given  by  Beardmore. 
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lble  showing  Amount  of  Solid  Matter  in  Suspension  in  Rivers. 


River. 


sev — flood  tide 
ebb  tide 

iU  UCa  •  •  •  •  •  • 

o— Goole 

nt — Torksey    ... 
Stockwith 
Trent  Falls 

»>  ... 

mber — near  Albert  Dock 
Spurn  Point    ... 
>ble — flocxi  tide 


»> 

rcy— calm         

rough       

ames — Greenwich 

liondon  Bridge 
Tilbury  L.W.... 

bury  Dock — outer  basin 


H.  W.     ... 
half  ebb  ... 


Solid  matter  in 

suspension 

in  one  cubic  foot 

of  water. 


lbs. 


...       0-284 
—  I  \0-320 


12-9 

0-294 

2-945 

105 

1-947 


^••a  ...  ...  ... 

3«— floods 

ordinary     

iton  Deeps       

tham,  in  flood 

Hand — Fosdyko  Bridge 

Spalding 

Ordinary  flow...  — 


grains. 
100-36 

138-47 


299-04 

I     166-25 
!    261-87 
I  1905 
3150 

201-87 

185 

121-54 


97 


90 
100 
342-65 
710 

87-22 


Remarks. 


12-46 

i 

37-38 

~~, 

10902 

— 

16-82 

1 

135-19 

'■    — 

— 

i 

— 

H 

205-6 
50 

i'hr 

Upper  estuary.    Dry 

weather. 
Evidence — Manchester 

Ship  Canal. 
Oldham. 

A.  F.  Fowler. 

— '    Quarter  flood  (Wheeler). 
Half  ebb  do. 

Low  water  do. 

First  of  flood        do. 
High  water. 
Half  flood. 

Near  Lytham  (Wheeler). 
Half  flood,  10  feet  below 

surface. 
Ditto  (Abemethy),  average 

of  flood  and  ebb. 
At  the  bar,  20  feet  below 

surfiEioe  (Mann). 

High  water  (Bazalgette). 

4  feet  from  bottom,  dredging 

machinery  at  work. 
28  feet  ^m  bottom,  do. 
18  feet,  do. 

I^ast  quarter  ebb  (Taylor). 
Fowler. 

At   the   surface,   half  ebb 

(Wheeler). 
15  feet  below  surface  (do.). 
8  feet  below  surface  (do.). 
Strong  ebb  (do.). 
Deposit   being   stirred  up 

(Wheeler). 

2  G 


497S 

lini 
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BIrer. 


Glen  ...        ... 

Onae,  near  Denver 

JL\3        ■••  aa.  a.. 

Maas,  in  December 

Gaionne     

IHber — mean,  6  years 

maximum,  6  years 
Dnmneo — floods,  mean 

max. 
mean    ... 
Missifnippi  — ^mean 
max. 
Danube— mean     ... 
max.     ... 
min.      ... 
Irrawaddy — floods 

ordinary  flow 
Godavery   ... 
Nile — ^flood... 

low  water 
Ganges— floods 
mean 
Indus 

Rhone — floods 
mean 
max. 
Khine 
„      flooil 


Solid  matter  In 

•nipeotlcm 

In  one  caUc  foot 

ofwBter. 


llM. 


0-208 

0-624 

0-0746 

1-897 

1-87 

6-25 


grains. 
1120 
181 


207-45 


795 
290-3 

147 

940 

«6 

256-87 
76 


0-146 


0-261  — 

0-272  ,       — 

1-39  — 

0G25  I       — 

—  333 


Benierk^. 


slSi      Strong  ebb  (Wheeler). 
fAa      lYom  soxface,  ordioair  j 

(da>. 
jIo      Geike's  Geology. 

fib      Q«k». 
rio    .  Geike. 

^l  I  Shelford. 

r 

*M    Humphreys  and  Abbott 

Taken  from  the  tnrlsce. 
Mean  of  ten  yearL 
Sir  C.  Hartley. 

Login. 

Of  bnlk. 

Sir  C.  Hartley. 


^^}  At  Aries  (Geike). 

^j    I  Greatest  recorded  (fJtil 

^    I  In  Holland. 

T^j-j  At  Verdiogeii. 
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Compass  Bearings  and  Angles. 


0  North     

1  North  by  east    ... 

2  North-north-east 

3  North-east  by  north 

4  North-cast 

5  North-cast  by  east 

6  East-north-east . . . 

7  East  by  north  ... 

0  East        ...        ... 

7  East  by  south    ... 

6  East-soath-east... 

5  South-cast  by  east 

4  South-east 

3  South-east  by  cast 

2  South-south-east 

1  Soutli  by  east    ... 

0  South     

1  South  by  west  ... 

2  South-south-west 

3  South-west  by  south 

4  South-west 

5  South-west  by  west 

6  West-south-west 

7  West  by  south  ... 

8  West       

7  West  by  north   ... 

G  West-north-west 

5  North-west  by  west 

4  North-west 

3  North-west  by  north 

2  North-north-west 

1  North  by  west  ... 

0  North      


Initials. 

Angle. 

o  » 

o  » 

N. 

0  0 

_ 

N.  bv  E. 

11  15 

— 

N.N.E. 

22  30 

^^ 

N.E.  by  N. 

33  45 

— 

N.E. 

45  0 

... 

N.E.  by  K. 

56  15 

_ 

E.N.E. 

67  30 

^m. 

E.  bv  X. 

78  45 

90  0 

90  0 

E.  }>y  S. 

101  15 

78  45 

E.S.E.' 

112  30 

67  30 

SE  byE. 

123  45 

56  15 

S.E. 

135  0 

45  0 

S.E.byE. 

146  15 

33  45 

S.8.  E. 

157  30 

22  30 

S.  bv  E. 

168  45 

11  15 

S. 

180  0 

0  0 

S.  by  W. 

191  15 

11  15 

s.s.w. 

202  30 

22  .SO 

S.W.  bv  S. 

213  45 

33  45 

s.w. 

225  0 

45  0 

S.W.  by  W. 
W.S.W. 

236  15 

56  15 

247  30 

67  30 

W.  by  S. 

258  45 

78  45 

W. 

270  0 

90  0 

W.  by  N. 

281  15 

78  4.5 

W.N.W. 

292  SO 

67  30 

N.  W.  bv  W. 

30a  45 

56  15 

N.W. 

315  0 

45  0 

N.W.  bv  N. 

326  15 

33  45 

1   N.N.W. 

3H7  30 

22  30 

N.byW. 

348  45 

11  15 

w 

360  0 

0  0 

o 

0 

ff 

}  point 

•  •  • 

•  •  • 

•  •  • 

2 

48 

45 

i 

J» 

•  •  • 

•  •  • 

•  •  • 

5 

37 

30 

i 

»t 

•  •  • 

•  •  • 

«  •  • 

8 

26 

15 

1 

99 

•  •  • 

•  •  • 

•  •  • 

11 

15 

0 

4 
6 
8 

11 

12 

14 

10 

18 
19 


APPENDIX   X. 

3£4BKI50  OP  THE   LeAD-LisE. 
Fatbons. 


2  Leather,  with  two  ends 

3  Leather,  with  three  ends 

5    White  calica 
7     Bed  bunting. 

10     Leather,  with  a  hole  in  it 

13     Blue  serge. 
15     "White  calico. 
17     Red  bunting. 


20     Strand,  with  two  knots  i 


ID 


APPENDIX   XL 

SHOWING     THE    NUMBER    OF     VESSELS     ENTERING    THE     PRINCIPAL 

ORTs  OF  Great  Britain,  their  Total  and  Average  Tonnage 
?n  the  Year  1891. 


Ports. 

Vessels. 

J 

1 

Tons. 

Average 
tonnage. 

England. 

iple 

• . •         ... 

... 

... 

3,123 

181,990 

58-2 

•  •  ■ 

...         ... 

... 

... 

1,811 

470,826 

259-9 

iris 

• . •         ... 

... 

... 

5,874 

1.227,308 

208-9 

•  •  • 

...         ... 

... 

... 

59G 

101,867 

170-9 

vater 

...         ... 

... 

... 

3,227 

190,157 

58*9 

■  •  • 

...         ... 

... 

... 

8,158 

1,301,544 

159-5 

rvou 

...         ... 

... 

... 

1,606 

130,036 

80-9 

«  •  • 

...         ... 

... 

... 

13,383 

6,611,768 

494*0 

1 

•  •  ■ 

...         ... 

... 

... 

621 

103.345 

166-4 

•  •  • 

...         ... 

... 

... 

2,657 

178,756 

67-2 

iter 

• .  •         ... 

... 

... 

2,786 

156,155 

56-0 

•  •  • 

...         ... 

... 

... 

20,905 

1,733,337 

82-9 

uth 

• . .         ••• 

... 

... 

1,103 

122.178 

110-7 

•  •  • 

...         ... 

... 

•.. 

3,892 

960,650 

246*8 

th  ... 

• . «         ... 

... 

... 

1,600 

212.623 

132-8 

lani 

...         ... 

... 

••• 

9,093 

422,997 

46-5 

)0(| 

...         ... 

... 

... 

1,710 

487,040 

284-8 

one 

...         ... 

• .  «■ 

... 

1,346 

263,321 

195*6 

•  •  • 

...         ... 

••* 

... 

2,105 

230,583 

109-5 

jter 

...         ... 

... 

... 

4,126 

481,685 

116*7 

•  •  • 

*  •  *         ... 

... 

... 

2,176 

596,162 

273-9 

y   ... 

...         ... 

... 

••• 

1.841 

760,141 

412-8 

ool 

...         •.. 

..• 

•  1 . 

2,794 

799,456 

2861 

b    ... 

...         •. . 

... 

•*• 

8,563 

702,044 

197*0 

•  •  • 

...         ... 

... 

*•• 

5,649 

2.590,811 

458-6 

I 

.  •  •         ... 

•*. 

... 

3,561 

261,011 

73-2 

't^i     •  •  • 

...         ... 

... 

•.  • 

737 

187,578 

186*6 

ol  ... 

...         ... 

... 

... 

17,645 

8,623,332 

488*7 

y  ..- 

...         ... 

••• 

... 

1.082 

173,972 

160-8 

... 

...         •. . 

... 

... 

51,632 

13,216,946 

255-9 

... 

...         ... 

... 

•.. 

1,048 

180,734 

172*4 

rt  ... 

...         ••• 

... 

..« 

1.242 

220,533 

177-5 

iboro* 

* .  •         ... 

... 

... 

3,473 

1,405,036 

404-5 

•  •  • 

...         ... 

... 

... 

1,625 

339,984 

209-2 

7cn 

...         ... 

... 

... 

1,660 

369,648 

222-6 

•t    ... 

.  •  •         • . . 

... 

••• 

7,966 

1,822,554 

2287 

C6    ... 

...         ... 

... 

•.. 

1,809 

227,642 

125*8 

th  ... 

...         ... 

••• 

••• 

3,604 

781,097 

216-7 

•  •  ■ 

...         ... 

... 

... 

1,367 

143,230 

104*7 

)uth 

...         ... 

... 

•. . 

14,328 

1,888,646 

96-7 

4S4 


TIDAL  RIVERS. 


Kffta. 

XtmO^ 

1             Tuns. 

i        IVffjp 

■ 

> 

Ew^QWa. 

BABf^aie... 

... 

•  • 

»                         •  •  • 

•  •• 

1,009 

171,781 

170-2 

Bocbester  ... 

... 

•  • 

•                         ••• 

•  •• 

8,i33 

656.643 

77•^ 

... 

•  • 

»                         ••• 

•  •• 

4,196 

320,889 

764 

}footliamploii 

... 

•  • 

•                          ••• 

•  •• 

,       10;{94 

1,764,468 

l©-7 

StocktoQ   ••• 

... 

•  • 

•                         •  •  • 

•  •• 

803 

203,413 

•ii3H 

Smiderkiid 

... 

•  • 

•                         ••  • 

•  •• 

7,004 

2,436,294 

347* 

Swmnaea    ... 

... 

mm* 

»                         ••• 

•  •• 

5,896 

1,343,426 

227-« 

TeigniDoiiUi 

... 

m  m* 

9                                   ••• 

•  •  • 

735 

126,250 

ni-j 

TjnePorU 

... 

•  • 

»                                    ••• 

•  •  • 

1       16.779 

8,054,053 

4801) 

^ejrmooth 

•  .  • 

•  •< 

•                                    •  *  • 

•  •  • 

j         1,060 

164,911 

155-^ 

WhitehmTen 

•  •  • 

•  m* 

•                                    •  •  • 

*  •  • 

22,070 

245,610 

]1»^ 

WorkiDgtoD 

... 

»  • 

. 

•  ■  • 

1.599 

1         1^2 

1 

188,256 
158,040 

117-7 
122-3 

YanDOoth ... 

... 

•  • 

»                                     •  •  • 

••• 

Aberdeen  ... 

•  •• 

■dL 

•  • 

•  •  • 

•  ** 

2,799 

778,582 

2781 

Alloa 

•  •  • 

•  •« 

•  •• 

•  •• 

1,102 

182,066 

16i-2 

Ardronan... 

•  •• 

•  •i 

•  •  • 

•  •• 

3,119 

327,761 

IOjH) 

Ayr 

ft  _—  1 1  —  1. 1 

•  •  • 

•  •« 

•  •  • 

•  •• 

2,481 
986 

344,753 
260,457 

138^ 
2641 

JJoROwslonesd 

•  •• 

•  •1 

•  •• 

•  •• 

Campbeltown 

•  •• 

•  •a 

•  •• 

•  •  • 

1,146 

109,245 

di-3 

Dundee     ... 

•  •  ■ 

•  •« 

•  •• 

•  •  • 

1,287 

584,862 

4544 

Glaagow    .., 

•  •• 

■  •  i 

•  •• 

•  •• 

9,025 

2,711,69'/ 

300H 

Grang^monUi 

.•• 

•  •i 

•  •• 

•  •  • 

2,253 

884,707 

392li 

Granton    ... 

•  •  • 

•  •« 

*                                   •  •  • 

■  •• 

510 

238,555 

467-7 

Greenock  ... 

•  •  • 

•  •a 

•  •  • 

•  •• 

7,977 

1,605,559 

201-2 

InTemeKs  ... 

•  •  • 

•  •  a 

•  •• 

•  •  • 

3,533 

451363 

127i; 

Kirkcaldy... 

•  •  • 

•  «  ■ 

•  •  • 

•  •  • 

2,610 

757,377 

2yo-i 

Kirkwall  ... 

•  •  • 

•  •  a 

•  •  • 

•  •  • 

2,721 

252,506 

lr2-7 

Leith 

•  •  • 

•  •  1 

•  •   • 

•  •  • 

3,749 

1,247.769 

S^is 

Lerwick     ... 

■  •  • 

•  •  a 

•  •  • 

•  •• 

862 

118,172 

137i> 

Stomoway 

•  •  • 

•  • 

•  •   • 

•  •  • 

1,427 

240,81/7 

1»J87 

Stranroer  ... 

•  •  • 

•  •  • 

•    •    • 

«  •  • 

776 

154,154 

lUSr, 

Troon 

•  •  • 

•  •  a 

•    •    • 

•  •  ■ 

2,480 

260,518 

105O 

"Wick 

■  •  • 

•  •  * 

•    •    • 

•  •  • 

1,107 

129,730 

1171 

Ireland. 

Ikjlfast      ... 

•  •  • 

•  •   • 

•  •  • 

10,304 

2,161,155 

'iw: 

Cork 

•  •  • 

•   •  • 

•  •  • 

2,858 

701,286 

24t;4 

Drogheda  ... 

•  •  • 

•   •    • 

•  •  • 

557 

128,674 

2311» 

Dublin 

•  •  • 

■                                     •   •   • 

•  •  « 

7,496 

2,187,859 

291  S 

Dundalk    ... 

•  •  • 

•   •  • 

•  •  • 

687 

129.106 

LS7:« 

Limerick    ... 

•  •  • 

•                                      •  •   • 

•  •  • 

550 

166,y01 

3034 

Londonderry 

•  •  • 

»                                     «  •  ■ 

•  •  • 

1.611 

313,037 

194 ;; 

Xewry 

•  •  • 

■                                     •  •• 

•  •  • 

1,843 

270.218 

146i: 

Watftiford ... 

•  •  • 

P                                    •  •  • 

Totals 

■  •  • 
•  ■  • 

2,030 
359,650 

520,480 

25*33 

84,465,198 

234-8 

APPENDIX   XII. 


lble  showing  the  Number  of  Vessels  belonging  to  the  United 
Kingdom,  and  their  Average  Tonnage. 


••• 

Vessels. 
4,787 

Tonnage. 

Percentage. 

1 

27-76      1 

ler50toD8 

158,082 

^^^ 

50  and  under  100  tone 

1... 

4,499 

319,871 

2609 

53-85 

100         „         200   „ 

••• 

1,420 

206,908 

8-24 

62*09 

200         „         300    „ 

••• 

498 

123,341 

2-88 

64-97 

300         „         400    „ 

••• 

354 

123,301 

205 

0702 

400         „         500    H 

••• 

371 

168,459 

215 

6919 

500         „         600    „ 

••• 

320 

176,080 

1-85 

7102 

600         .,         700    „ 

••• 

317 

207,080 

1-85     . 

72-87 

700         „         800    „ 

••• 

370 

277,766 

2-15 

75-02 

800         „       1000    „ 

••• 

711 

637,359 

412 

7914 

1000         „       1200    „ 

••• 

799 

879,202 

4*64 

83-78 

1200         „       1500    „ 

••• 

1,123 

1,513,564 

6-52 

90-30 

1500         .,       2000    „ 

••  • 

1,020 

1,751,264 

5-92 

96-22 

JOOO         „       2500    „ 

••• 

409 

903,348 

2-37 

98-59 

J500         „       3000    „ 

•  ■  • 

168 

458,510 

0-97 

99-56 

iOOO  tons  and  above 

••• 
•  •  • 

77 

260,416 

0-44 

100-00 

Totals 

17,243 

8,164,541 

10000 

Average  tonnage 


473-5. 


^1 

p                                          ^^^1 

J^ 

Beaalev,  fuiiciue-work,  40U                              ^^^H 

Bedford,  old,  river,  i7                                      ^^M 

Belchor,  chart  of  Eibblo,  3S7                             ^^^M 

iea,  bar  la  che  Dee.  145 

Belfast,  dredging,  263                                      ^^^H 

Iredgiug  at,  254 

Bell,  Bteam  navigntlon,  3<l                               ^^H 

Bthy,  J,.  RLbble,  395 

Bilbao,  drudi^iog,  258                                       ^^H 

Boston  Dock,  404 

Blasting  rocke,  251                                           ^^H 

ion  m  e>tuaric8,  lOG 

.Hell  Gate,  201                                     ^^H 

piara.  208 

Blind  channela,  389                                          ^^H 

Bljth.  dredging,  2U                                       ^^M 

106             ■    '          • 

,  bksting,  263                                                  ^H 

It  Tidea,  82 

Boats.    SteXi^Kl.n                                          ^^M 

Bold,  euginecr  of  Cljde,342                                   ^^M 

>r,  US 

Bore  in  tidal  rivera,  106,  180                                    ^H 

aiTeraion  of,  by  shingle,  137 

i1  bare,  146 

Boaanet,  the  Abbi',  expcrimeata  on  Dow-              ^^M 

WtMr,  weight  of,  G2 

ing  water,  0                                                     ^^M 

m,  tides,  106,  lOB,  ItMl 

Boston  Dcepa,  bar,  150                                         ^H 

rdam  Ship  Canal,  32 

— ,  t'tfect  of  fresli  water,  36                     ^^^| 

,  dredging:,  260 

■ ,  retlaniation  in,  1(18                               ^H 

— ,  piere.  206 

havt'D,  dredgingr,  235                                 ^^M 

,  width,  181 

iBiro  dea  Mareca,"  11 

BoQltoii  Jt  Co..  navigation.  36                               ^^^H 

4be,13 

omBrEoyal,fiMtiippoi„tment,13 

,  Seine.  S3,  -107                                                  ^^H 

pherio    prcBHure,    t-ffect    of,    <m 

— ,  Vire,  209                                                    ^^H 

.,86 

Boardalone,  French  datura.  13                          ^^^| 

DOTTea,  139 

Bruiier,  chart,  of  Kibble,  3ST                             ^^H 

idpB  and  woir,  ITti 

BrazoB,  rirer,  training,  223                                   ^^^1 

redging,  351 

Breakwaters,  42                                                 ^^H 

Breucr,  engineer  of  Clyde,  :t42                        ^^H 

B 

Bridgwater  Canal,  31                                       ^^H 

Brindley,  canals,  etc.,  3t                                  ^^^H 

early  navigation,  So 

Bristol  Channel,  tides,  UO 

f  saod  for  training,  210 

Britiah  Association  Kepocis.  16,  327 

eter  and  tides,  86 

Brookes,  A.,  engineer  of  Tjne,  347 

,  on  tidal  rivers,  17 

jftccl  of  fresbets  00,135 

Brwwn,  on  tidal  and  upland  wntcrs,  51, 

beoriea  sa  to  aauae  of,  lS-> 

173 

.lomew,  W.  H..  river  Ons.-.  226 

lirnnleca,  J.,  Kibble.  395 

otti,  lawa  of  rnnning  water,  1 

Buoya,  bell,  287 

(srton,  river  Garonne,  oS 

eiperimeDts  on  raniiing  wnter,  0 

,  electric,  289 

us  for  rivera\and  eatoarica,  303 
ights  tor,  291)  296 

,  gas,  298 

,  regulstiona  oi  to  the  coloor  and 

more,  N.,  Mannnl  of  Hydrologv,  21 

Hliape,  27U 

458 


IXDEX. 


Cable,  BKaoure  of  length,  306 

C*IftU  harbour,  moTemenc  of  Mod  ac, 

147 
Calaad,  ririsr  Xaao,  33, 144 
CalTer,  Captain,  chart  of  Ribble,  3S8 

^, ,  cnrred  ehanneljT  185 

— ,  prindplea  of  improireiiie&c. 


171 


-,  riTer  Tjtm»,  348 


, f  tidal  riTeni,  1"4 

C«iiaLi — 

Aire  and  Calder,  373 

Aiiuterdam,  32 

American  Lakes,  34,  V^ 

BafarJonif,24 

Bridfgrvratcr,  30,  374 

Cardfke,25 

China  Gnuid  Caaal,  35 

In  Egypt,  24 

Exeter,  26 

Forthand ajde,  36,  ai2 

Foad  jke,  23 

Langnedoc,  26 

Leedc  and  Lirerpool,  373 

Manchester  Ship,  38»  181,  2  a,  374 

North  Holland,  32 

Saolt  St.  Mane,  a4 

Shropshire  Union,  373 

Ssez,  33 
Capper,  dredjrinar,  254 

,  S  wan  j4f?*,  255 

Carliniyford  Ijom^h,  dreflspnz,  251 
Caspian  Sea,  effect  of  wind  an,  87 
Cangini,      trian^pilation     England     and 

France,  15 
Caatelli  on  bars,  2 

on  the  movement  of  water,  1 

Catadioptric  lena,  201 
Catopric  lenp,  291 
Cay,  dredging,  254 
Chains  for  bnoyg,  288 
Chance,  lenges  for  lights,  41 
Channelif,  corded  and  straight,  8,  139, 
184 

in  sandy  cstoaries,  174,  191 

,  width  and  direction  of,  133, 181 

,  width  required  for  navigation,  133, 

181,  272 
Chapman  on  tidal  riveri,  28 

,  river  Tyne,  347 

, Tees,  355 

Charts,  Admiralty,  14,  300 

of  estuaries,  30(J 

Chazallan,  tidal  observations,  11 

Cherbourg,  breakwater,  42 

Chesil  Bank,  102 

Chczy,  laws  relating  to  flowinj^  water,  7 

,  velocity  formula,  57 

Chronometer,  invention  of,  15 


Cva  En«mMffs,  laatisBtiaB  of,  H 

,  FrmetmiiMjM,  16 

C\mfr  vetghs  of,  63 
Cjde.  rimer,  carves  in.  139 

17 
of,»4 
-.  dRdpmr  in,  zn.  24S,  SO 
of  improfvasBti.  14: 
118 


-,  widtk  of,  13S 


CoUina,  GresTilfe,  nver  Dee,  3flB 

21ft 


CoMBisBioB,  TSdal  Harfaon;  16 
Goo^MSB,  iufeutBOB.  of*  12 

^,  poiats  o^  SOB 

0,907 

1.17 


Coode,  &r  John,  ForiUad  hrakvstcr. 
42 

, ,  Ribble  and  Prenoa  Doek, 


Corthel,  Braxos,  223 

g  on  the  traospoct  of  BSftcfiil  ■ 

Mississippi,  65 


1  works  on  Mississippi,  223 

Cnbitt,  W.,  dredginjc  in  Sereca,  261 

,  river  Tyne,  347 

Canard  Shippings  Company,  36 
Cnnningham,    ^P***,   velocitj  obsem- 

tions,  21,  50 
Current  meter,  31S 
Carved  chaonels,  advantage  of,  1S4 

,  opinion  of  Fontaine,  8 

,    least    radios    required   for 

navigation,  186 
Curves,  radios  of,  in  rivers,  139 

, ,  Danube,  423,  425 

, ,  required  for  navigation,  1*mJ 

, Seine,  409 


Danube,  river,  33 
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Dl^314 

ngl,  how  to  late,  312 

.  ,  oaoillatiOQ  of  tidal   water. 

ajpton  Watar,  122 

124 

rn  Ooenn,  tides,  81,  93 

; .  raclaniBtion.  199 

navigation,  onrly  hiatory,  30 

. ,  result  ot  improvemeuta,  141 

31^       S«bVMSEL9 

. ,  tidea  in.  88 

orew,  introdaction  of,  36 

, ,  width  of,  133 

Bwin,  B.,  Suez  Cannl,  33 

machine,  112 

Tliorowgood,  Madnu  harbour.  165 

vlvfip  anfnnnnn'nn-    Q     IQ 

Tiber,  river,  bar,  146 
Tidal  and  upland  water,  relative  value 
of,  175 

— ,  river  HU({iit(?enng^,  Ht  itJ 
—.  trainiog  riTer  chnnnels,  19S 

Harbour  Conuniasion,  18 

t.,  Bell  Bock  lighthonfie,  41 

modelB,  326 

obsorvntiouB.  314 

— ,  BibHe,  392 

wave,  effect  of  shallow  water  un. 

— ,  Sum  Canal,  33 

179 

— ,  Toet,  365 

'.,  barbonni.  0,  20 

Tides,  70 

tedging,  261 

,  ndvontagoa  of,  70 

rnmce,34 

.  ago  of,  102 

iTer,  dredging,  263 

.  bores.  106 

ew  light.  296*^ 

,  doBoription  of,  82 

river,  effect  ot  diverting  water 

,  diarual  ineqnality,  80 

,177 

- — -,  early  theorios  as  to,  10 

NoriDg  dredger,  234 

-,  efleot  in  moving  littoral  drift,  162 

,  definition  of,  44 

, ot  obstruction  on,  127 

ftml,  oonatmction  of,  33 

, of  wind  on.  86 

— ,  onrrsB  in,  141 

,  L-atablisbmoQt,  102 

,  estuary,  85 

— ,  width  of,  181 

,  oiamplca  of,  iu  rivers.  101,   110. 

ing,  hydrographic,  397 

390 

^  dredging,  3.19.  255 

,  extraordiuary  riae  of,  90,  94 

a  for  bnoya,  287 

r  harbour,  blasting  and  dredging. 

-,  interval  between  tides,  79 

■ -,  ItnowB  to  anoients,  73 

B.,  Bibbla  and  Fr^eton  Dock,  393, 

— -,  land  eovorod  by.  how  defined,  70 

.  machines  for  Dalculating.  112 

(ton,  eteani  navigation,  30 

,  morning  and  ovnning  tides,  80 

T 

etc.,  124 

pecoliaritiaa,  88 

10,  rivor,  training,  222 

ral«  ot  progress  of  tidal  wave,  97 

ot  rise  aod  fall.  ItKl 

rar,  bar,  146,159 

.  rise  of.  in  open  ocean,  82,  98 

r' '      •'  ■ 

k            ' 
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Tides,  rirer,  85 

,  sonrce  of  generation,  74 

-,  spring  and  neap,  difference  in  rise, 


100 


12 


',  tables,  British  and  French  ports. 


-,  theory  of,  73 

-« tidal  predictions,  112 

terms,  72 

-,  tide-daj,  length  of,  79 

-,  Tariation  in  rise  of,  98 

,  Telocity  of,  in  rirers,  108, 31H> 

,  wave,  progress  of,  95 


Tilbnry  Dock  lock,  274 

^  dredging  in  harbonr,  249 

Tonnage,  average  of  British  ships,  2G6, 
267 

of  Tessels,  burden,  269 

^ ,  registered,  269 

in  relation  to  draft,  270 

Training,  converging  piers,  205 

,  efiTect  of,  on  estnaries,  195 

,  fascine,  211 

,  groynes,  201,  424 

,  height  of  walls,  208 

— y,  parallel  walls,  201 

,  rivers,  195 

,  single  curved  walls,  204 

,  stone,  225 

%  nso  of  sods  for  making,  209 

, of  sandbags,  210 

Tniinin;^  in  rivers — 

Brazoji,  223 

Colnmbia,  245 

Danube,  227,  12  J 

Galveston,  221 

Maas,  215 

Mississippi,  217 

Oiiso,  226 

Kibble,  227.  \VX\ 

Seine,  227,  4^ '8 

Tampico,  222 

Toes,  22(j 

Viro,  209 

Welland,  212 

Weser,  210 

Witham,  212,  400 
Transporting  power  of  water,  59 
dredgers,  239 

-  iu  Mnas,  189 

—  -  matter  in  suspension,  123 

-  on  Seine,  189,  408 
,  Toes,  189 

,  Witham,  401 

Trew,  Exeter  Canal,  20 
Trinity  House,  London.  270 

,  Newcastle,  341 

Tyne,  river,  bar,  145 
. ,  curves  in,  139 

-  -.  -    -  ,  description  of,  3J3 

, «  ^''t-'f'ging,  252 


a 


Tyne,  river,  effect  of  improvemetti  n 
tides,  131,  141 

, ,  inaproTemeDi  erf,  S7 

. ,  tides  in,  131 

. ,  training  walln,  302 

f ^  width  of,  135 

Tyre,  harlxrar  of^  23 

U 

Unwin     on     movement    of    floati 
Thames,  124 

,  tidal  water,  123 

dpland  and  tidal  water.     8f  Fini 

WATEE 

Ure,  J.  F.,  engineer  of  Clyde,  342 
,  Tyne,  350,  351 


Velocity,  mean,  definition  of,  44 

of  water,  formola,  57 

1  mean  surface  and  bottooi,  4:» 

-f  observations,  316 

Yentnri  on  running  water,  8 
Vermnyden,  fen  drainage,  26 
Vcmon-Harconrt,    riven    and   caotli, 

docks  and  harbonrs,  20 

,  river  Ribble,  395 

,  tidal  model  of  Seine,  327 

Vessels — 

ancient  size  of,  346 

dock  accommodation  for,  274 

draft,  200 

draft  in  relation  to  carjro,  269 

immersion  in  salt  and  fresh  %Taler,  271 

least  curve  round  which,  can  uavijaio 
180  ' 

provision  for  moorinfr,  274 

registered  tonnage,  *i69 

removal  of  wrecked,  275 

size  of,  267 

speed  in  rivers,  274 

time  required  to  navigate  a  river,  iTi 

tonnage,  269 

water  required  under  bottom,  271 

width  of,  272 
Vire,  river,  effect  of  obstructing  tidal 

flow,  129 

» ,  training  works,  209 

Voljra,  river,  bar,  140 

, f  dredging,  215 

1 »  material  transported  hv,  6(» 

W 

Wagenhair,  charts,  14 
Waggoners  charts,  14 
AValker,  J..  28 

,  Clyde,  339 

,  lighthouses,  41 

,  Tyne,  349 
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T,  J.,  Tjne  piers,  38 

the,  reclamation  in,  198 
inj^on.  Captain,  moyement  of  sand 

shingle,  61 

^  river  Tyne,  348 

'  staat  in  Holland,  17 

',  draft  of  ▼essels  io,  27 1 

matter  in  suspension,  to  ascertain 

Dtity,  321,  323 

motion  of,  -14 

salt  and  fresh,  115,  30('> 

baking  samples  of,  321 

«relocity  observations,  3Ui 

?7cight  of,  324 

J.,  river  Clyde,  335 

I,  action  of,  Scott  RossoU  on,  11, 

)r,  river,  374 

,  effect  of,  on  rivers,  180 

id,  river,  dredging,  247 

,  material  transported  in,  62 

,  training  into  estaary,  402 

,  river,  curves  in,  I-IO 

y  dredg^g,  259 

,  training  works,  216 

,  width  of,  138 

rdykc,  fen  drainage,  2G 

un,  Captain,   bydrogi*aphic    sur- 

ng,  208,  310 

or,  drainage  of  fens,  32 

?roder  dredger,  24{) 

fascine-work,  213 

kidal  models,  327,  331 

trau8])ort  of  material,  07 

river  OutH?,  Ill 

Ribble,  3i)r> 

■   y 


Wheeler,  river  Witham,  402,  403 
-,  Boston  Dock,  404 


,  Herbert,  instmment  for  taking 

samples  of  water,  822 

, ,  tidal  models,  332 

Width  of  channels  required  for  naviga. 

tion,  138,  181 

,  progressive  increase  of,  183 

Wigham,  burners  for  lighthouses,  281 
Williams,  J.  E.,  river  Witham,  40? 
Wolf  Bock  lighthouse,  41 
Williams,     Leader,     Manchester    Ship 

Canal,  38 
, ,  training  Mersey  estuarv,  195, 

37i 
Wind,  effect  of,  on  motion  of  water,  51 

, ,  on  tides,  86 

AVitham,  river,  curves  in,  140 

, .  description  of  works,  398 

. ,  dredging,  255 

-,  effect  of  obstructing  tidal 


flow,  128 


•,  fascine- work,  212 

-,  float  ob8er\'ation8, 126 

-,  material  transported  by,  61 

-,  training  into  estuary,  402 


Wrecks,  removal  of,  275 

Wright,  E.,  errors  of  navigation,  13 


Tare,  river,  diversion  by  drift,  157 

, ,  land  floods  and  tides,  153 

Yarra,  river,  dredging,  263 
Yarrantou,  inland  navigation,  30 
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MECHANICS  AND  MECHANISM. 

BALL— A  Class-Book  of  Mechanics.     By  Sir  K.  S.  Bam  LL.li. 
S9  Dia*;iaiii-.     F.j-.  •^vo.  U'.  »>i. 

CULVERWELL -Elementary    Mechanics.      By    Edward  i'. 
CcLVERWELL,  M.A.     Willi  S-l  D;a«-riirii>  and  W.x-l<.iit>.     hvu.  3*.  ^;i. 

GOODEVE— Principles  of  Mechanics.     By  T.  M.  CJoodeve,  Ma.. 

I'l'jtc.-T-'-r  '.'i'  Mci-hauic-  nl  the  N"iiii;il  .Sciunil  •.«!'  Sviviicf,  ami  the  Ko\il 
S'.lio'il .;»{  Mil:*;.-.    253  W.N.«ii.utcf  an<i  nr.iiK-iMiis  Exanij»K->.    Cr.  ^Ti•. •* 

The  Elements  of  Mechanism.     By  T.  M.  ( i uodeve,  M.A. 

With  342  W...-ic:;:.-.     Cruwu  Svu.  *>*, 

A  Manual   of  Mechanics.      Bv    T.    M.    Goodeve.     WitL 


13S  Illu.-tiatit»n»  and  Dia;:Taiii:r,  ami  1^S  Exaiii|>Ie.s  t«iki.-n  from  li:-.- 
S«;ifU'.L-  l)t;j>aiiinL-iit  Kxaiuiiiatii.ni  Papt-rs,  with  Aii.-iwcrs,  Fcp.  b\«-. 
2*\  6^/. 

GRIEVE-  Lessons  in  Elementary  Mechanics.  By  W,  li. 
(iiiiKVE.  P.S.A..  late  Enu'iiitfi,  K.N.,  Siiem.o  Deinoiisitrator  for  t!i«- 
L<»ri«lon  S'.liool  Boaitl,  «Xi-.  Stai^u  1.  Wiih  If;'*  Illu.'^tratiou.^audalar.v 
nunil.H:r  of  Exaiiiplt;>.  Fcp.  hvu.  U-.  (j'J.  .Sta^v  2.  With  122  lUurtia- 
tion.^.     Fi:p.  Hvo.  l.<.  H'L     Sta^'c  3.   1h3  lllustratiuiis.     Fcp.  ^vo.  1<.(W. 

MAGNUS —Lessons  in  Elementary  Mechanics.  With  hi 
Examples  and  n».virly  r>(X>  Extrixi.'>e.-f  and  (^uestiuns  trt.m  the  Matri- 
culation Exaniinatiun  Paijeii?  of  the  L«jmlon  I'nivewity,  &o.,,  up  to 
June,  IhM).  With  An.sweis,  and  121  WuiKlcutc*.  By  Sir  Phiup 
^IaciNL'-s  B.Sc,  B.A.     Fcp.  8vo.  3j<.  6tf. 

%*  Key,  for  the  U.-e  of  Teacherei  only.     .')«.  net. 


Scientific  IVorks  published  by  Longmans,  Green,  <^  Co,        5 

TATLOB — ^Theoretical  Mechaoics,  including  HjdroBtaticR  an<1 
Pneumatics.  By  J.  E.  Taylor,  M.A.,  Hon.  Inter.,  B.Sc,  Cential 
High  Schools,  Sheffield.  With  175  Diagrams  and  Illustrations,  and 
522  Examination  Questions  and  Answers.     Crown  8vo.  2«.  6<i. 

TWlSDEN — Practical  Mechanics;  an  Elementary  Introduction 
to  their  Study.  Bv  the  Rev.  John  F.  Twisden,  M.A.  With  a55 
Exercises  and  184  figures  and  Diagrams.     Crown  8vo.  \0$.  Qd, 

Theoretical  Mechanics.  By  the  Rev.  J.  S.  Twisden.  With  172 

Examples,  iiumei*ous  Exercises,  .and  154  Diagrams.     Crown  8va  8«.  (Ul 

WARREN— An  EUementary  Treatise  on  Mechanics.  Part  I. 
Statics,  for  the  use  of  Schools  and  Students  in  Universities.  By  the  Rev. 
Isaac  Warren.    Cr.  8vo.  3j?.  Hrf.    Part  II.  Dynamics.    Cr.  8vo.  3«.  (>c/. 

DYNAMICS,  STATICS,  AND  HYDROSTATICS. 

BURTON — ^An  Introduction  to  Dynamics,  including  Kinematics, 
Kinetics,  and  Statics.  With  numerous  Examples.  By  Charles  V. 
Burton,  D.Sc.    Crown  8vo.  4«. 

GROSS — EHementary  Dynamics  (Kinematics  and  Kinetics).  By  £. 
J.  Gross,  M.  A.,  Fellow  of  Gonville  and  Caius  College,  Cambridge.  5a.  fid. 

MAGNUS— Hydrostatics   and   Pneumatics.     By  Sir    Philip 
Magnus,  B.Sc.     Fcp.  8vo.  li.  6^^,  or  with  Answers  2«. 
•#•  Tlie  Worked  Solutions  uf  the  Problems.     2«. 

ROBINSON— Elements  of  Dynamics  (Kinetics  and  SUitics). 
With  numerous  Exercises.  A  Text-Book  for  Junior  Students.  By 
the  Rev.  J.  L.  Robinson,  B.A.     Crown  8vo.  6«. 

SMITH — Elementary  Statics.  By  J.  Hamblin  Smith,  M.A.,  of 
Gonville  and  Caius  Collej^e,  Cambridge.     Crown  8vo.  3».     Key,  6«. 

EUementajy  Hydrostatics.     By  J.  Hamblin  Smith,  M.A. 

Crown  8vo.  3«.     Key,  6«. 

WILLIAMSON  and  TARLETON— An  Elementary  Treatise 

on  Dynamics.  C<mtaining  A] )pli cations  to  Thermodynamics,  with 
numerous  Examples.  By  Benjamin  Williamson,  M.A.,  F.R.S.,  and 
Francis  A.  TARLi-rroN,  ILL-D.    Crown  8vo.  10«.  6rf. 

WORMELL— The  Principles  of  Dynamics:  an  Elementary 
Text-Btx)k  for  Science  Students.     Bv  R,  Wormell.     Ciown  8vo.  ^. 

WORTHINQTON  -  The  Dynamics  of  Rotation.  By  A.  M. 
Worth INGTON,  M.A.    Crown  8vo. 


SOUND,   LIGHT,    HEAT   &   THERMODYNAMICS. 

DAY— Numerical  Examples  in  Heat.  By  R.  K  Day,  M.A.  Fcp. 
8vo.  3«.  (k2. 

HELMHOLTZ— On  the  Sensations  of  Tone  as  a  Physiological 
Banis  for  the  Theory  of  Music.  By  Professor  Helmholtz.  Royal 
8vo.  28«. 


Sdentifu   Wcrks  futiis/ud  by  Lun^arts,   Grten.  S'  Co, 


IfADAN— An  Elementary  Text-Book  on  Heat.     For  the  xmr  of 

MAX'WTiLLr— Tbeory  of  Heat,     hv  J.  Cizas  Maxwell,  M.A., 
F.R.SS..  L  i  E.     W::Ii  .>  Ill  :*:ri::oa*..     Fop.  'jt}.  ^.  tS./. 

SMITH— The  Study  of  Heat.     Bj  J.  H.ucblin  >mtth.    Cr.  Svo.  3#. 

TYNDALL— Heat  a  Mode  of  Motion.    Bv  Johx  Tyxt.all,  D.C.L.. 
F.R..S.     ir  wn  --v  .  I2.«. 


Sound.    Bv  J.HN  Ttn:.\l:.,  D.«".L..  F.R.S.    With  204  W.-.t- 


c'lL*.     'Jr'.'WT.  "?V'...  10^   6*1. 


Lectures  on  T light,  •ivliv'rrri  il  An;»-ii-a  in  1^72  anJ  1S73. 

Bv  John  Tyndall.  n.'.'.L.  F  Fi..S.     W/h  57  Diri,TiiL*.     <'r«-.wn  sv  . 

Notes  of  a  Course  of  Nine  Lectures  on  Light,  ieliver-r^i 

at  the  HnVM  In-ft::  :t!«  n.    Bv  J«ihn  Tvnpai.u  D.C.L..  F.R.S.    Crov.ii 
8vr».  1^.  .-trwi^i  ;  1.1.  C./.  ..I  ith. 

WORMELL— A  Clasa-Book  of  Thermodynamics.    By  Richard 

WORMELU  I)..>.-.,  M..\.      Fl!'.  ^V.«.  \i.  fyf. 

WRIGHT— Sound,  Light  and  Heat.      By  Mark   R.    \rBi.vET 
With  l^i  Diau'iain.-*  .md  liIu.-triitiMii>.     rr.wii  .!?vm.  £.♦.  ftf. 


OPTICS    AND    PHOTOGRAPHY. 

ABNEY  A  Treatise  on  Photography,  llv  < 'aj:.i:]i  \V.  dk  Wivl- 
i.K-i.n:  AiJNKi.  F.l'.>..  l;i:.-  \\.-'\  .  t-r  in  \'\:- i  ^nqAiy  at  tin-  j>-j!;-  ■: 
ut' .M:liT;i!  V  Kii^i!n:»-:ii:j.  <i:a:ha:ii.      llo  \V i  iiT',     F«;i«.  ^v.>.  lig.  k.'. 

GLAZBBROOK  -Physical  Optics.     By  K.  T.  (Ji.A/.EnK.x.K,  M.A.. 

WRIGHT    Optical    Projection:   a  Ti..iti>e  on  ibc   l'>...  ...f    :hc 

Lantern  in  Kxliilati-^n  anii  S'-iriititic  I)rni«m>iriiri<.»n.  By  Lknvis 
WitKiHT,  .Aiith'»i  ••!  *  Li'^ht  :  a  (.'nur.-t*  r»l'  Exi'iTiinental*  C»pi:..  -  . 
With  23:i  Illu-tnition.-.     ('luwn  hvu  ♦jj*. 


STEAM  AND  THE  STEAM    ENGINE,  &c. 

BALE  A  Handbook  for  Steam  Users;  Wing  Nutos  <.ii  Stoani 
Kn^inc  and  l'oiU;r  Miiiiii^^enn'nt  and  St».*am  Boik*r  Exi»h»sioiis.  Bv 
M.  rr»wis  IUlk,  M.J.M.K  .  A.M.l.C.E.     Fcp.  Hvo.  -2$.  fW. 

BOURNE  A  Catechism  of  the  Steam  Engine,  in  it.-*  Vari..u> 
Applioatinn.s  in  tin-.  Arts,  to  which  is  luhlnd  a  chanter  on  Air  and  (.;a> 
Kn^;in(!s,  and  another  drvotnl  to  re»eful  Rules,  Tables, ami  Menionuuiii. 
By  .John  Bohknk,  (MO.     Illii.strat«-«1  bv  212  Woodcuts.    Cr.  8vo.  7^.  t>rf. 


O^DBNE— Beoent  ImprovemdntB  in  the  Steam  Engine.  B; 
JoHS  Bourne,  C.E.  llcvise'l  Eiliii..ii,  wiili  many  frcah  Exaniplei 
Wid   12-1  Woodtiirs.     PVp.  8vii.  tl*. 

OliHHKl— The  Gas  Engine.  Bv  DtiiALD  Clkrk.  With  101  Wood- 
cuta.     Crinvii  8vu.  7».  Hii. 

HOLMES— The  Steam  Engine.  By  Qborgk  C.  V.  Holmes,  Secre- 
tary of  the  Instiuition  of  Naval  Architects.  212Woodcul*^  Ftp,8vaei. 

ZUPPEB— Steam.     By  Wiluam    Ripper,   Professor  of    MBuhauical 

Engineeiing   in    tliu  'SheltlKlii  Techiiiunl  Schuul.     142   Uliutratintu. 
Cr.  Svu.  2s.  eJ. 

aSINNBTT— The  Marine  Steam  Engine.  A  Trentise  fur  the  Um 
of  EnfinueriDg  Sludeuu  ami  01li<-ere  of  the  Ruval  Navy.  By  Hichars 
SRjjNETr,  R.N.,  late  Eiwineer-in-Cliief  of  the  Itoyal  Navy.  With  261 
IlIiiBtrationti.     8vo.  2I«. 


ELECTRICITY   AND    MAGNETISM. 

OUMMING— Electricity  treated  Experimentally.    For  tl 

of  Sthoois  and  .Stii.leiils.     Bv   Linn^ub  Cumminu,   M.A..   As* 
Master  in  liiv'hy  HAw>\.     242  Illiitl  rat  ions.     Crowti  Hvu.  4ji.  6rf 


QOBB— The  Art  of  Electro-Metallurgy,  iiielmling  aU  known 
Procefiaee  of  El  uutro- Deposit  ion.  By  G.  Qobb,  LL.D.,  F.B.a.  With 
66  Wooikiiiii.     Fi'i-.  8vo.  Hs. 


LABDEN-  -Electricity  for  Public  Schools  and  CoUei 

W.  Lardes.  M.A.     Willi  21fi  llliwtratii.ufl  and  a  Series  of] 
tion  Pftjiera  witli  Auawers.     Crown  8to.  6j. 


BLINGO     and     BROOKEB— Eaectrical    Engineering    fbr 

Eleetric  Light  Artisans  and  Students.  (Embracing  those  branches 
prescribed  in  the  SyllabLts  isHited  bv  the  City  and  Ouildn'  Technical 
Witutf.)  By  W.  SuNoo  ami  A.  Brookbb.  With  307  lUustraliona. 
Crown  8to.  lOt  6rf. 

TUMLIBZ— Potential,  and  its  Application  to  the  Explana- 
tion of  Elettrical  Phenunietia.  Popularly  treated.  By  Dr.  Tchlibz, 
Lecturer  in  the  German  Univeraity  of  Prague.  Translated  bv  D. 
RoBKRTBON,  M.A,  LLB.,  B.Sc,     108  Illustrution!'.     Cr.  8vo.  Si,  SJ. 
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•—  Notaa  of  »  Oonn*  of  Bvvan  Lecture*  on  SeotHori 
Plwnoiiwu  «nd  TheoriM,  dolivand  «t  the  Rajwl  Inrtittiow.  Jif 
Joan  Ttvdau,  DlCLL.    Orown  Sro.  1&  U 

L  T^mniitFiwttwn  and  Magne-ChysWIiQ 
rnn>AU^  D.O.L.    Willi  8  PlalM  wid  himmim 


TELEGRAPHY. 

0ULLM7— ▲  HMidbook  of  Prmatioml  Tateerqibr.  ^ 
ChlLLn,  ILI.C.S.,  Ul»  EDgineer-in-Chirr  of  Ttdcgruha  to  t 
Ottw     With  lU  WooUcQti  ud  17  PiMcfc     Sro.  ISt. 

niBBOfl  •nd  BIVBWHiaHT— TefavrivliT-  B7W.H.PuKi^ 
)r.K.S.,  ILll'.K,  ftr.,  £ii]pnMi^iB-Cbi«f  and  Electrieiaii  to  H.M. 
I\wt  t.m<.t? :  aud  Sir  J.  SiviwamHT.  IC.C.M.G..  Oneral  Ifan 
Sv'illli  Afrn-.iii  "I\l.t;n>i'h«.     With  iii  Vk'.Ww.i'o.     l\p.  Bvo.  6i. 

W11J,JAM»    Manual  of  TelegnphT. 
UV.  At. 


MINERALOGY,  METALLURGY,  *c. 


Wiii>  V3»>  « ^\nii.-ii[i!.  iuii  L^iuiCRUHik     t\"[',  >v'.  -it. 

BX.OX.\M  *thi  KVNTISGTOS    Mtfeala:    i;.:.-  ?- Prr-^w  and 
l>..i.ui-;.„     S*   I.'.   I..  o:.'X.«  lasi   A.   ii.   "=■  >T:N..n.':  " 


Scientific  Works  published  by  Longmans^  Green^  <5»  Co. 


BUILDING   CONSTRUCTION. 

Advanced  Building  Construction.  By  the  Author  of '  Rivington's 
Notes  on  Building  Construction'.  With  numefouR  IllustrationR. 
Crown  8vo.  4s.  6(f. 

BURRELL— Building  Construction.  By  Edward  J.  Burreli^ 
Second  Master  of  the  People's  Palace  Technical  School.  Mile  End. 
Fully  Illustrated  with  303  Working  Drawings.     Crown  8vo.  2«.  6rf. 

RIVINGTON'S  COURSE  OF  BUILDING  CONSTRUCTION. 

Notes  on  Building  Construction.  Arranged  to  meet  the  require- 
nient«  of  the  syllabus  of  the  Science  and  Art  Department  of  the 
Committee  of  Council  on  Education,  South  Kensington.    Medium  8vo. 

Parti.  First  Stage,  or  Elementary  Course.    With  652  Woodcuts.    lOu.  6r/. 
Part  II.  Commencement  of  Second  Stage,  or  Advanced  Courae.    With 

479  Wowlcuts.     10«.  ed. 
Part  III.  Materials.     Advanced  Course,  and  Course  for  Honours.     With 

188  Woodcuts.     21«. 
Part   IV.  Calculations  for  Building  Structures.     Coui-se  for  Honoui-^. 

With  597  Woodcuts.     15*. 

SBDDON— Builder's  Work  and  the  Building  Trade.  By 
Colonel  H.  C.  Seddox,  R.K  Superiutendintj  Engineer,  H.M.'8  Dock- 
yai-«l,  Port^imouth  ;  Examiner  in  Building  Construction,  Science  and 
Art  Dejiartment,  South  Kensington.  With  numerous  Illustrations. 
Medium  8vo.  16«. 


WORKSHOP  APPLIANCES,  &c. 

JAY  and  KIDSON— Exercises  for  Technical  Instruction  in 

Wood- Working.  l)e.signed  and  Drawn  by  H.  Jay,  Technical  Instructor, 
Nottingham  School  Board.  Arrangetl  by  E.  R.  Kidson,  F.G.S., 
Science  Demonstrator,  Nottingham  School  Boaitl.     3  sets,  price   1«. 

i  each  in  cloth  case.     Set  I.  Plates  1-32.     Set  II.  Plates  33-64.     Set  III. 

I  Plates  65-87. 

[    Jff ABTINEAU— A  Village  Clajss  for  Drawing  and  Wood- 

■  Carving.     Hints  to  Teachers.    By  Gertrude  Martinbau.    Crown 

E  8vo.  2«.  6(f. 

|.  NORTHCOTT— Lathes  and  Turning,   Simple.    Mechanical  and 
I  Oniamental.      By   W.   H.    NoRTHa)TT.      With    338    Illustration>*. 

♦  8vo.  18jj. 

i  SHELLiEY— "Workshop  Appliances,  including  Descriptions  of 
some  of  the  Gauging  and  Measuring  Instruments,  Hand-cutting  Tool^. 
Lathes,  Drilling,  Planing  and  other  Machine  Tools  used  by  Engineers. 

\  By  C.  P.  B.  Shelley,  M.I.C.E.     With  292  Wooilcuts.    Fcp.  8vo. 

\  XTNTWIN — Exercises  in  Wood-Working  for  Handicraft  Classes  in 
;  Elementarv  and  Technical  Schools.    Bv  William  Cawthornb  Unwin, 

'•  F.R.S.,  M.i.C.K     28  Plates.     Fcp.  fuHo,  4x.  6d  in  case. 
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ENGINEESDSC:.  STRENGTH  OF  lCATERIALS»fc. 
AXDSBSOS— TSk  BUM^fUi  if  TfamwlB  and  Stnetani: 

--*---' ■^"  IT  Ttadir  ^.r.weKrjf  ;  uit^?C«sju  cf  SfrseliinsMdtM^ 
t^.  =.aL-i>*sc     Bt  =L.-  J.  AnCBKA.  CLE-  LLb..  F.B^E.    WU 

BAgET-B«L}»»T  ApyBaacw :  *  I*9-:7ip-.knof  DvtukofBnlnT 
CL««^Ti--aa  •lE.Ti-^.-ja.i  i-.  il*  -.^i-ifooe  of  lis  Eanli*t«fci  nl 
gcra::s.:^'=t     Bt  .' :«s  W.cn B&XXT.'UXC.E.     Willi  SU WoodcBh. 

DOWXiXG-  Btemajg  of  Pmctical  ConstnictkHi,  r<T  Ac  ■» 

vivu^va.-*  '-3.  T.',;r-*,^--  tziZ  .lrr=.:b-::=n:.     Br  SuirEL ItowaiM. 

tnaf^.-j  W:.,.i..rj  -    :bt  TtII.  lii  k  fwi-.  iU*»  ,.f  14  Plitt-  •( 

LUFTOX—lEsiiig.     ir  Pr.i.  Amoli.  Lrprox.  [/■  yrfmtm 

63DTE— Gr^icicB  :    r.  ^«  ^-.    -f  C^u.^ilanont  1<t   Drmving  Udol 

?r,:-^7""-   Ew-T^r-T- ;^.    Ki^::   C-::.-.--?.    B:rn.:E>hatn.       Put  I 
A-.:: -.  TV.  .  i.jr  ri.  ..■..•.-^T::y,M.:..-:.-.^Ve--;  r  A-iii!;in.  L^.i, 

:■-.•—.     ^.-.1  ~:-..\^.',K  A--^     i  tit  Pla'.T*    ■.   iliii^L^   97    Itiaj^mtr 
STONCY-The  Tlieorv-   of  the   Streeeee  oa   Oirdera  so 

'_:!-:  >:  :^-:--    :  V  v.-.-i:-.     Et  E:m-..n  B.  lionet.  LLI>..  F.R> 
>:.;.•  -E.     ^.v.  i  Ki:r-  i::;  :i3  :::_--..::(,:.*  i=  the  IrW.    R^.r 

UXWIX— The  Teeticg  of  Mateiials  of  Constxuction.  Ei 
:r»,i:._-t:.T-L-—  :.; ::  :.•:':  Tt-:::.;  M^Ltivrvaud  Ai'iMiaiuA  Auiilia. 
M  M^;.\:::.».  T^-v.i.j.  i^i  r,"i.  .  :a;  ..f  :hr  lu.^i  1  in  p.. riant  R 
»a.-.:.^-  :.  ::.-  .■*;r7:._l:.  '.  Mi-.rriil;.  Bv  W.  CakihoBXK  L'xwi 
B.:r...  Mrt-  i-s:.  i.ivr.  Ei-.-.i.r*:-.  P:- fci*oi  vf  EnsiiK^iin;; «  t 
tVr.::,:  I:>-.i:..::  ::  f  ::.(■  i-tv  ^i  i;::i]d,  »f  L..ii.luu  InsiiJu 
With  Ul  W.>  -:, -^  iti  :.  f  ;.;■£_--::;  Plau^.     Svo.  21*. 


MACHINE   DRAWING  AND  DESIGN. 

LOW— An  Introduction  to  Machine  Drawing  and  Desis 
By  Mwn  Allan  Low  Whitwoitli  Schol.in,  Ueaiimo^icr.  Peop 
Palai-e  Dav  Tcchni-il  S.-hwl.  London.  WitL  65  Illu^tratiune  i 
Dia^inuiis.     Cron-n  Sru.  tt. 

Improved  Drawing  Scalea    By  Datid  Allan  Low.    Pi 


,  __  —The  Elementa  of  Maohice  Desi^.  B>-  W.  Caw- 
lOKKE  UswiN,  F.R.8.,  Profesaur  nf  Enniimeting  itt  tbf  CenLral 
Irtitiite  of  thn  Citjr  and  GuildK  iif  Loniton  Itistitiite.  Part  I.  General 
""  idple$.  Fasiunings  anil  Transmii^ive  Mathinerv.     Witli  301  Dia- 

as.   &1-.      Orown   8vo.   6».     Pnrl    II.  Ciiielly  ,'m  Enfrine  Delaile. 

li  174  Woodcuts,     Crown  8vo.  4t.  fti 


ARCHITECTURE. 
^T— An  EnoyclopsBdia  of  Architecture.    Bv  Joskpu  Owilt, 

"  \.      lUoBirated  with   more  than   IIUO  EuKt-iivinKs  on   WckxI. 
ieil   (1888),   with   Alteiiktinns   iinil   ComiilfraUf   Adclitionn,    by 
W^ATC  Papwdrth.     8vo.  £2  12j.  6rf. 

CHELL— The  Stepprng^-Stone  to  Architecture ;  explaininif 
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W.>."ii.'iila.     18mo.  l«.'-*weJ. 


ASTRONOMY  AND  NAVIGATION. 

lALiL— Elements  of  Astronomy.     With  136  Figures  and  Diagranu.    i 
By  Sir  RuatiBT  S.  Ball,  LL.Il.,  F.B.S.    With  136  Woodcuts.    Fcp. 
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AutliDi'  of '  A  History  of  Astronomy  rhiring  th«  Nineteenth  Century ". 
With  6  PIiUl'h  ami  nvinieruiis  Illustrations.     8vo.  SU 


Wiib  9  Plali^fa  and  uuiuerous  Dia^.'cania.     Sqiiaru  crown  8vo.  I2i. 

£ARTIN— N'avigation  and  Nautical  Astronomy.    Compiled 

by  Staff- Commander  W.  R,  SIastin,  R.N.,  InaEruetor  in  Survajing, 
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Ventilation,  F.vu^i^^ht.  Infuctioua  DiscaaeH,  awl  First  Aid  in  Injuriea. 
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Central  Society  of  A)>riciilturt.    By  Grorbe  Villk.    Trnnslateil  fruin 
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~-  Agriculture.     A  Manual  for  Advanced  Heienee  Student*.     By  ' 
Jt>r.  U.  J.  Webb.     With  IllustmUoiis.     Crown  8vo.    [tii  }mparatioH. 
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of  PhynicH— On  CryHtalnne  and  Slaty  CJeavaxe— On  Paraniafnietic  and  Dianiami^ir:  Fi.nt-it 


NKW  FRAGMENTS.     Cn)wn  8vo.  \0s.  6d, 

CoSTKNTS:— The  Sabbath— Goethe's  *  Farbenlehre'— At'imii,  Molecules  and  Kther  W.^Tr^ 
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